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SECTION 1.0 


INTRODUCTION 



1.0 


INTRODUCTION 


In the past, operation at Ku-band frequencies (11 to 1 8 GHz) was considered 
possible only with solid surface reflectors due to surface tolerance requirements. However, 
the packaging and weight restrictions of such reflectors limit their. practical ity in the larger 
sizes, particularly where severe volume limitations are imposed. The objective of this program 
was to extend the deployable antenna technology state-of-the-art through the design, analysis, 
construction, and testing of a lightweight (31 pounds maximum with a 25 pound goal) high surface 
tolerance (0.020 inches rms surface error) 12.5-foot diameter reflector for Ku-band operation. 

A secondary objective of the program was to ensure, to the extent possible, the applicability of 
the reflector design to the Tracking and Data Relay Satellite (TDRS) Program. 

This final report presents a complete documentary of the total program. The 
remainder of this section presents a results summary. Section 2.0 describes the performance 
requirements used to guide and constrain the design. Section 3.0 presents a detailed description 
of the design. Section 4.0 presents RF, structural/dynamic, and thermal performance results 
and includes analysis/test correlation where applicable. Section 5.0 discusses the applicability 
of the reflector design to the TDRS Program. ■ Section 6.0 presents the conclusions and recommenda- 
tions of the program. Appendices are utilized to provided detailed test data and the detailed 
fabrication drawings for the reflector. 

Results Summary 

The reflector design is illustrated in Figure 1 .0-1 . The parabolic reflective surface 
consists of 12, 1 . 5-inch diameter, tubular aluminum ribs which shape and support the metallic 
mesh. The choice of 12 ribs was based on a trade-off study considering weight, surface tolerance, 
and deployed dynamic performance. The "double mesh" technique is used to obtain the high 
surface accuracy required for Ku-band operation. This technique consists of two mesh surfaces 
which are separated by the rib thickness and tee bars and connected by tensioned metallic ties. 

By properly tensioning the connecting tie wires, the reflector surface (front mesh) can be contoured 
to a precision parabolic shape. 

The conical feed support structure is the primary structural member of the stowed 
antenna. A conical structure was chosen because, in this application, the RF aperture blockage 
is no more severe than that of a spar support and the conical structure is more efficient than a 
spar system from weight and structural standpoints. A dielectric ogive radome is provided as an 
enclosure for the RF feed. The ogive geometry was selected because of its high electrical 
efficiency over other geometries. 

The stowed antenna is restrained by top and midsection restraint systems which 
force the stowed antenna to act as a single stiff structural member, thereby providing a high 
stowed resonant frequency. The reflective surface is deployed at a controlled rate by the 
mechanical deployment system (MDS) (Figure 1 .0-2). The MDS consists of a disc-shaped carriage 
mounted to the moving section of a recirculating ball nut on a ball screw shaft. The carriage 
and the ribs are connected by linkages that transmit the force and motion required for deployment 
to the ribs. Redundant drive system power is supplied to the ball screw by a spring motor and 
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Figure 1.0-2. The Mechanical Deployment System (MDS) Provides Controlled Deployment, 
Redundant Drive Power, and Is Self-Locking in the Deployed Condition 
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two electric torque motors. The probability of successful reflector deployment is 0.993 a$ based 
on test data from this and previous programs. The controlled deployment rate eliminates the 
transfer of any deployment forces to the spacecraft and also prevents impact loading of the ribs 
and mesh, thus, assuring the preset parabolic surface is not distorted by the deployment action. 
Repeatability of the reflector surface over successive deployments was measured as ±0.002 inches 
rms (see Appendix B). 

The measured weight of the completed reflector (reflective surface, feed support, 
and deployment system) is 26,2 lbs. Previous technology would have resulted in a total weight 
of no less than 40 lbs. 

The projected surface error under worst-case orbital conditions is 0.022 inches rms 
as shown in Figure 1 .0-3. The manufacturing error of 0.020 inches is a measured value. The 
thermal error contribution is determined by analysis (see Section 4.3). The gravity deflection 
error occurs in orbit once the gravity force is removed. Upon removal of the gravity force, 
the mesh assumes an equilibrium position different from that in the gravity field. This error is 
minimized by setting the reflector along horizontal radial lines where the gravity effects are 
essentially nullified. The surface error when the reflector is oriented in the face-side range 
test condition (as shown in Figure 1 .0-5) is 0.030-inches rms. 

Error Source Magnitude, Inches RMS 

Thermal 
Manufacturing 
Gravity 

Total RSS Error 0.022 

Figure 1.0-3. Surface Error Budget for Worst-Case Orbital Conditions 

The minimum lateral frequency of the stowed reflector is 57 Hz and the minimum 
longitudinal frequency of the stowed reflector is 93.1 Hz. These high stowed resonant frequencies 
minimize deflections and structural coupling with the lower frequencies of excitation introduced 
by the launch vehicle. They also allow the reflector to be structurally qualified as a component 
in dependent of the total spacecraft. The minimum resonant frequency of the deployed reflector 
is 8.3 Hz, This high deployed resonant frequency ensures minimal structural coupling of the 
deployed reflector with the spacecraft attitude control system or with other large flexible 
structures, e.g., antenna support booms, solar panels, etc. Figure 1 .0-4 shows the test con- 
figurations during stowed and deployed vibration testing of the reflector. 

Figure 1 .0-5 shows the RF test arrangement for the reflector. Figures 1 .0-6 and 
1.0-7 show the measured reflector patterns at 2 GHz and 15 GHz respectively. Figure 1 .0-8 
summarizes the RF range gain measurement results. 
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Figure 1.0-5. RF Range Measurements Validate Ku-Band Performance 
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Figure 1 .0-8. Gain Measurement Summary at S- and Ku-Band 
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SECTION 2.0 


DESIGN PERFORMANCE REQUIREMENTS 



2.0 DESIGN PERFORMANCE REQUIREMENTS 

This section presents the basic performance requirements, constraints, and philos- 
ophies considered essential in the 12.5-foot diameter model antenna development to ensure a 
coordinated electrical/structural/mechanical design. 

Contained in this section are the following: 

a. Applicable documents and definition of terms 

b. Basic objectives and philosophy of design ■ 

c. Conditions and environments for which the antenna is analyzed and designed 

d. Load requirements and other factors used for design 

e. Environmental and stiffness criteria 

f. Weight and balance criteria 

g. Structural/mechanical performance requirements 

h. Electrical performance criteria 

2.1 Applicable Documents 

The following documents of the issue and date indicated form a part of these 
requirements to the extent specified herein. In the case of conflict between this document and 
the documents referenced herein, this document governs: 

MIL-HDBK-5B Metallic Materials and Elements for Aerospace Vehicle 
Structures 

Delta Launch Vehicle Interface and Environment, December, 1970. 

NASA SP-3024 Models of Trapped Radiation Environment, Volumes I and II, 
1962 
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2.2 


Design Philosophy and Definition of Terms 


2.2.1 Design Philosophy 

Nonflight conditions and environments influenced the design to the minimum 
extent. Where practicable, means were devised for assembling, handling, transporting, and 
storing which do not require an increase in the flight weight over that for the flight conditions. 

The allowable stress values and materials properties used to substantiate the per- 
formance of the antenna were obtained from MIL-HDBK-5B or from test values when appropriate. 
Strength allowables and other mechanical properties are consistent with the foading conditions, 
design environments, and stress states for each structural member. 

The materials of construction were chosen for compatibility with the space environ- 
ment. Materials with low levels of outgassing have been utilized. 


2.2.2 Structural Design Procedures 

The following procedures, material allowables, and strength requirements were 
used as guidelines for all structural design and analysis. Procedures for all stress calculations are 
consistent with those in MIL-HDBK-5B . 

2. 2. 2.1 Definition of Terms 

Limit Loads - The maximum loads the antenna is expected to experience for 
the design condition under consideration 

Yield Design - Limit loads multiplied by the yield design load factor of safety 
Loads 

Limit loads multiplied by the ultimate design load factor of safety 


2. 2. 2. 2.1 Allowable Stress Values 

For antenna members that are critical in buckling, the minimum guaranteed 
properties (A values in MIL-HDBK-5B) and minimum thicknesses were used for stress calculations. 
For all other conditions, the minimum guaranteed properties and the nominal thickness were used. 


Ultimate 
Design Load 
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2. 2. 2. 2. 2 Margin of Safety 

To achieve a lightweight structure, the antenna is designed to attain the smallest 
practical margin of safety greater than zero, except where stiffness requirements dictate addi- 
tional structure. The following structural elements, which are susceptible to random type fail- 
ures due to manufacturing and load distribution inconsistencies, were restricted to have the 
following margins of safety: 


Antenna Part 

Minimum Margin 
of Safety 

Fasteners In Shear 

+.15 

Bolts in Tension 

+.50,. 

Fittings 

+.15 

Lugs 

+.25 

Welds and Brazed Joints 

+.50 

Epoxied Joints 

+.75 


In determining the margin of safety, the effect of combined loads or stresses was 

considered. 

2. 2. 2. 3 Factors of Safety 

The following factors of safety were applied to the limit loads to obtain the struc- 
tural design loads. 

Yield Design Load 1.15 

Ultimate Design Load 1 .25 

2. 2. 2. 4 Fatigue Considerations 

The structural design of the antenna accounts for the effects of repeated loads. 
Efforts were made to avoid residual stresses and stress concentrations wherever possible. 
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2. 2. 2. 5 Component Preload Requirements 


All joints which depend upon preload for adequate performance are designed with 
sufficient preload such that no mechanical separation occurs due to limit loads. 

2.3 Performance Requirements 

This section describes those performance requirements used as a guideline for develop 
ing the design. Wherever possible these requirements were based on the Tracking and Delta 
Relay Satellite mission. As such, launch via a Delta 2914 booster and a synchronous equatorial 
orbit was assumed. 


2.3.1 Weight and Packaging 

The 12.5-foot diameter test model weight is not to exceed 31 .0 pounds. A weight 
design goal of 25 pounds was established. The test model includes the following items: rib-and- 
mesh reflector, feed support structure and radome, mechanical deployment system and central 
hub, and the launch restraint system. 

Maximum packaging envelope dimensions are not to exceed those defined by a 
right circular cylinder of 75 inches height and 30 inches diameter. 

2.3.2 Reflector Tolerance 

The antenna gain loss due to reflector surface error shall not exceed 0,50 dB at 
15 GHz for a nominal sun angle of 60 degrees to antenna boresight axis. This requirement limits 
the maximum rms surface error to 0.020 inch. 

The antenna gain loss due to feed defocusing for a nominal sun angle of 60 degrees 
to antenna boresight shall not exceed 0.50 dB at 15 GHz with 0.25 dB budgeted to linear dis- 
placement and 0.25 dB budgeted to beam mispointing. The maximum allowable linear displace- 
ment tolerance and feed offset angle to achieve this gain loss specification are: 

Axial defocusing 0.15 inch 

Feed offset angle 0.7° 

2.3.3 Reflector f/D 

Since no specific mission requirements dictated an f/D value, a trade-off study was 
conducted to develop a representative value. The evaluation of the f/D ratio involved considera- 
tion of three areas: electrical performance, stowed volume, and launch stiffness. 
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For genera! application, both broadband and narrowband, the optimum f/D from 
an electrical standpoint falls between 0.35 and 0.5 with 0.4 a good nominal value. 

The maximum physical length of the stowed antenna as described in Paragraph 2.3.1 
places an upper bound on the f/D and, likewise, the maximum diameter of the stowed antenna 
(as per Paragraph 2.3.1) places a minimum bound on the f/D. 

For launch (resonance) performance a low value of f/D is desirable to reduce the 
stowed antenna height. 

Based on the above considerations, an f/D range of 0.38 to 0.42, with a nominal 
value of 0.417 was chosen as a median value satisfying all limiting conditions. 


2.3.4 Structural Design Requirements 


The launch environment and qualification test requirements for the Delta booster are 
comprehensively described in Reference 1 . The dynamic environment is defined at the interface 
between the booster and the spacecraft. This information was used to establish environmental 
design criteria for the antenna. 


The TDRS spacecraft is, at this time, not adequately defined to allow an estimatp 
of the transmission of energy through the spacecraft to the antenna. Because of this, the values 
given in Reference 1 were increased by an appropriate amount to account for unknown effects of 
the spacecraft. The resulting design criteria for the antenna are given in Table 2.3.4. 


Table 2.3.4. Structural Design Criteria 


Antenna 

Configuration 

Antenna 

Axis 

Fundamental 
Frequency, Hz 

Maximum Vibration 
Response G 
Ultimate 

Maximum Shock 
Response G 
Ultimate 

Stowed 

Latera 1 

40 

25 

20 


Longitudinal 

90 

35 

20 


Torsional 

15 

— 

10 

Deployed 

Lateral 

4.5 

2.2 

N/A 


Torsional 

4.0 

2.0 
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The minimum launch frequency requirements for the spacecraft are 40 Hz and 25 
Hz in the longitudinal and lateral directions, respectively. The antenna is a component of the 
spacecraft and requires higher values. The values of 90 Hz and 40 Hz in the longitudinal and 
lateral directions for the stowed antenna are considered typical values based on the spacecraft 
requirements. No torsional frequency requirement is given in Reference 1 . A value of 15 Hz 
minimum torsional frequency for the stowed antenna was assigned based on past experience. 

The design acceleration values of 25 G laterally and 35 G longitudinally were 
determined after evaluation of the qualification test requirements for sine and random vibration, 
steady state accelerations, and pyrotechnic shock from Reference 1 . The critical condition was 
found to be response to sinusoidal vibration. From Table 3-1, Reference 1 , in the lateral axis 
the required Input from 14 to 100 Hz is 1 .5 G limit. Typical measured amplification by the 
antenna at resonance is 17, resulting in a maximum response of 25 G ultimate. In the longitudinal 
axis, the input is 2.3 G ultimate from 23 to 100 Hz. Typical longitudinal amplification at 
resonance is approximately 15, resulting in a maximum longitudinal response of 35 G limit. The 
above values assume a rigid spacecraft and attachment fixture. To determine actual response it is 
necessary to perform a coupled dynamic analysis of the antenna, spacecraft, attachment fixture, 
and Delta booster. However, based on the data available at this time these values are recommended 
for use as criteria for sizing the antenna structural members. 


The qualification test requirement for random vibration is 9.2 G s with a PSD of 
0.045 from 300 to 2000 Hz and rising from 20 to 300 Hz at +3 dB/octave. The lateral response 
is approximately 4 G ms . Three sigma values are 12 G 0 _p. In the longitudinal axis the response 
is approximately 7 G ms and three sigma values are 21 G 0 _p. Thus, the random vibration Is less 
severe than sine vibration. 


The shock spectra at the spacecraft interface for the marmon-type clamp and the 
explosive nut separation systems are similar. Values are 1400 G at 0.3 ms and 1600 G at 0.8 ms, 
respectively. The level is reduced through the interfaces and with distance to the source. This 
reduction is estimated to be a factor of 0. 1 to 0.4. Using a value of 0.3, the amplitudes become 
420 G and 480 G, respectively. The estimated maximum response in the antenna is less than 10 G. 
This, again, is less severe than the sine vibration. 

The acoustic overall noise level is 146 dB. This is considered much less severe than 
the vibration. Tests reported in the Shock and Vibration Bulletin 33, Part III, indicate 146 dB 
corresponds to approximately 9 Grms* 

The deployed frequency values shown were developed based on previous experience. 

A high deployed resonant frequency, such as shown, is desirable to assure no coupling of the 
reflector and other deployed structures (e.g., solar panels) occurs. 


2.3.5 Other Design Considerations 

A number of other environmental considerations are normally applied as design 
constraints in a flight hardware program. Typical examples of such constraints are given 
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below. While complete satisfaction of such requirements was not to be demonstrated on the 
present program, they have been given consideration in the antenna design. 


2.3.5. 1 Deployment Reliability 

The antenna design should be such as to provide a probability of proper deploy- 
ment of 0.99 or greater in the space environment. Proper deployment is defined as release of 
the launch restraint system and operation of the deployment system which results m a tensionmg 
of the mesh surface to the required levels. 


2. 3. 5. 2 Angular Rates and Accelerations 

The basic angular rates linking the TORS to the user spacecraft are low (on the 
order of 0.75 radian per hour). Slewing maneuvers can increase these rates. Slewing is 
required when the antenna must sign off one satellite and acquire another. Since the minimum 
potential communication time to a user satellite is approximately 37 minutes, rapid slewing does 
not appear to be of great importance. A reasonable slew rate of 0.1 radian per second w.th 
potential accelerations of 0.1 radian/sec 2 have been selected. This rate allows the entire 
field of view to be scanned in 10 seconds. 


2. 3. 5. 3 Particle Radiation 

Radiation from trapped electrons and protons will be encountered in the space 
environment. The materials used are such as to ensure that the antenna can perform its intended 
function under the effects of such radiation for the life of the mission. 


2. 3. 5. 4 Life 

The antenna design considers a minimum orbital mission life of 5 years. 
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SECTION 3.0 


DESIGN DESCRIPTION 



3.0 


DESIGN DESCRIPTION 


The final 12.5~foot diamefer antenna design is illustrated In Figure 3.0-1 . The 
antenna is designed for a nominal f/D of 0.417. The measured weight of the entire antenna is 
26.2 pounds. The minimum stowed lateral frequency is 57.0 Hz and the minimum deployed reso- 
nance frequency is 8.3 Hz. The high stowed resonant frequency minimizes deflections and 
structural coupling with the lower frequencies of excitation introduced by the launch vehicle. 

The high deployed resonant frequency ensures minimal coupling of the deployed reflector with 
the spacecraft attitude control system or with other large flexible structures such as the antenna 
support booms and solar panels on a three-axis spacecraft or the antenna support mast and/or 
booms on a spin stabilized spacecraft. 

The major antenna elements can be categorized as: 

• Reflective Surface 

• Feed Support Structure 

• Mechanical Deployment System (MDS) 

• Launch Restraint System 

Each of these areas is discussed in the following paragraphs. Figure 3.0-2 summarizes the design 
parameters used in this design. Detailed fabrication drawings are presented in Appendix A. 

3.1 Reflective Surface 

The parabolic reflective surface consists of 1 2, 1 . 5-inch diameter, tubular ribs 
which support and shape the metallic mesh. The choice of 12 ribs was based on a trade-off study 
considering weight, surface tolerance, and dynamic performance. 

Figure 3.1-1 presents weight and deployed dynamic performance as a function of 
the number of ribs. All data has been normalized relative to the parameter values for 12 ribs. 

As shown, increasing the number of ribs improves the deployed resonant frequency; however, the 
resulting increase in weight is severe. The general conclusion to be derived from the data is to 
use the minimum number of ribs possible within the surface tolerance and deployed resonant fre- 
quency requirements. Based on dynamic analyses, and on achievement of the surface tolerance 
requirements with the "double mesh" design technique, a selection of 12 ribs was made. The 
double mesh technique utilizes two mesh surfaces which are separated by the rib thickness and 
connected to one another by tensioned metallic ties. Prior to the development and demonstra- 
tion of this concept the surface accuracy of the rib-and-mesh design was directly proportional 
to the number of ribs. This dependency resulted because the largest contribution to surface error 
was the reverse bulge effect of the mesh between the ribs. The general nature of this effect is 
shown in Figure 3.1-2. The mesh membrane is pulled tight between the two curved, relatively 
rigid ri bs. ; Due to the curvature of the ribs, the mesh takes a doubly curved shape, bowing in 
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71-1962 


Figure 3.0-1. The Double Mesh Design Allows Achievement 
of High Surface Accuracy 


REPRODUCE, 


Ribs 


Element 


Design Parameters 


Number: 1 2 

Diameter: 1 .5 inches 


Mesh (Front) 


Mesh (Rear) 


Center Support 
Structure 


Wall Thickness: Tapered from 0.008 (base) to 0.012 

(mid) to 0.006 (tip) 

Cross Section: Circular . 

Material: 6061 -T6 Aluminum 

Shape: Modified parabolic 

f/D: 0.417 

Thermal Control: Polished aluminum exterior with 

three layers of multilayer insulation 

Material: Chromel-R wire, 0.7 mil by 5 strands per 

end 

Geometry: Tricot knit, 14 ends per inch 

Coating: Electroless nickel, electroless gold, electro- 

lytic silver and electroless gold 

Loading: 0.02 lb. /in. tangential 

0.01 lb. /in. radial 

Material: Chrome!-R wire, 0.7 mil by 5 strands 

per end 

Geometry: Raschel knit, 2 ends per inch 

Coating: Electroless nickel covered with electroless 

gold 

Loading: 0,03 lb. /in. tangential 

0,005 lb. /in. radial 

Type: Truncated support cone with dielectric ogive 

radome 

Cone Material: 6061 -T6 Aluminum, 0.020 inch thick 

(base), stepping to 0.015 inch from the midsection to 
the ogive 


Figure 3.0-2. Design Description 
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Element 


Design Parameters 


Central Hub 


Mechanical 
Deployment 
System (MDS) 


Launch Restraint 


Feed System 


• Radome: 0.01 inch thick, high modulus Fiberglass 

and epoxy laminate skins, with phenolic (1/4-Inch 
cell) honeycomb, 3/8 inch thick. 

• Thermal Control: Three layers of multilayer insulation 

separated by three layers of nylon net on the cone. 
White paint (a/e) = 0.28/0.86 on the radome. 

• Attachment to Hub: Removable 

• Geometry: Extension of feed support cone geometry 

• Material: 0.050 inch thick 6061 -T6 aluminum 

• Thermal Control: 15 layers of multilayer insulation 

separated by 15 layers of nylon net. 

• Type: Over center type toggle action using a ball 

screw and carrier with linkages to each rib pivot arm. 
Over center condition gives positive deployed latching. 

« Drive System: Redundant electric motor and constant 

torque spring motor. 

Primary - 2.5 inch/pound spring motor direct drive on 
the ball screw 

Secondary - One synchronous motor integrated with a 
planetary gear train with 25 inch/pounds 
of output torque. 

• Redundancy: Either the spring motor or dc motor is 

capable of deploying the antenna in a 1 G field. 

• Rib-to-center support cone restraint at rib midpoints 
using radial spars and a single hoop. Ball-and-socket 
joint between ribs and hoop. Preloaded by flexing rib. 

• Upper restraint provides moment joint at rib tip. Rib 
tips restrained and preloaded by a pretensioned, capti- 
vated cable. 

• Restraint Release: Two redundant pyrotechnic cable 

cutters. 

• Ku-band apex type feed assumed for design. 0.55- 
pound weight budget assumed for feed, brackets and 
cabling in all structural and dynamic analysis. 


Figure 3.0-2. Design Description (Continued) 
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Figure 3.1-1. Weight and Deployed Resonant Frequency Versus Number of Ribs 
for 12,5-Foot Diameter Antenna 


DESIRED SHAPE 
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towards the concave side. This error is essentially eliminated by the double mesh concept as 
illustrated in Figure 3.1-3. The concept utilizes a second mesh as a drawing surface for con- 
touring the front reflector mesh. The second mesh is attached to the back of the ribs and is tied 
to the front mesh by tensioned wires. By properly tensioning these tie wires, the reflector sur- 
face can be contoured to a precision parabolic shape. A manufacturing surface accuracy of 
0.020-inch rms was achieved on the 12.5-foot diameter reflector using this concept. The 
design eliminates surface tolerance dependency on the number of ribs and thereby provides the 
flexibility to meet a wide range of structural and surface tolerance requirements with low weight. 

A surface accuracy of 0.020-inch rms (representing 0.5 dB loss at 15 GHz) is a 
goal for the present application. As seen from Figure 3.1-4, the surface accuracy of a single 
mesh design. is dependent on the number of ribs and a surface accuracy of 0.020 inch rms is not 
possible within the specified weight requirement. Conversely, the surface accuracy of the 
double mesh design is weight independent since the desired accuracy is achieved through the 
use of more or less ties between the two mesh layers. To attain the required surface tolerance 
within the specified weight, it is necessary that the double mesh design be utilized for this 
application. 

The mesh is constructed from 5-strand bundles of 0.7-mil Chromel-R wire which is 
knitted into a highly elastic wire screen. The front mesh is knitted with 14 ends per inch of 
width. This size was selected to ensure satisfactory RF reflectivity. The back mesh is knitted 
with 0.375-inch openings. This size opening is sufficient to allow the back mesh to be 
utilized as a secondary drawing surface for contouring the front mesh while minimizing the 
antenna weight. After knitting, the front mesh is plated with electroless nickel, silver, and 
gold platings, respectively. The nickel/silver/gold plating provides the necessary properties 
for electrical reflectivity and is also compatible with the thermal control design of the antenna. 
Figure 3.1-5 shows electron photomicrographs of the plated mesh. As seen in Figure 3.1-5, 
discontinuities in the plating are few in number and are localized in effect. Similarly plated 
samples of mesh have exhibited no measurable change in RF reflectivity and thermal surface 
properties after repeated folding and flexing operations over long periods of time. The finished 
mesh is a low spring rate, elastic material.. The use of this soft mesh with the rigid ribs results 
in a rib-dominated reflector surface which is relatively unaffected by changing mesh forces and 
orbital thermal variations throughout the antenna life. The mesh is attached to the ribs in a 
pretensioned state. The tension levels are based on the value of tension required to maintain 
a flat, unwrinkled condition throughout the orbital life of the reflector. 

The prestress loading on the mesh is 0.02 pound per inch in the circumferential 
direction and 0.01 pound per inch in the radial direction for the front mesh. The back mesh is 
pretensioned to 0.03 pound per inch in the circumferential direction by 0.005 pound per inch 
in the radial direction. 

The rear mesh is attached to the rib through a series of fiberglass T-bars. The T-bars 
are bonded on the rib and the mesh is bonded directly to the bars. The T-bars are necessary to 
insulate heat flow in the area of the mesh attachment. Figure 3.1-6 shows the attachment 
technique. 
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Figure 3.1-5. Electron Photomicrographs of Ni/Au/Ag Plating 
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Figure 3.1-6. Rear Mesh Attachment 
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The front mesh ?s supported by a combination of standoffs and intercosfals (Figure 

3.1- 7) at the rib tips and roots only. In between these areas the mesh is pulled into position by 
flexible wire threads spaced every 2 inches over the entire mesh surface. 

Since the front mesh has a 2:1 stretch ratio and is attached on a bias at each gore 
interface to the adjacent gore, there is a small shear force introduced at the interface. This 
shear force is maintained by a sewn wire seam on the front mesh. The load introduced info the 
wire seam is resisted at the rib tip standoff. The wire seam is stopped 6 inches before the rib 
roof and a zig-zag stitch is used to create an elastic membrane to the rib root. This effect is 
required to prevent the introduction of a bimetallic differential expansion between the wire seam 
and the rib. The shear force along the gore interfaces on the back mesh is reacted by attach- 
ment to the T-bars. 

A 1 . 5-inch rib tip standoff height was selected for the front mesh as a result of 
an analysis using the tension values described above. This height is necessary to prevent the 
front and rear mesh from touching as they are pulled together by the ties in the shaping process. 

The ribs are constructed from 6061 -T6 aluminum alloy for strength and thermal 
requirements. The rib diameter of 1 .5 inches was based on considerations of deployed resonant 
frequency, launch stress, and weight. The resulting deployed resonant frequency of 8.3 Hz is 
sufficiently high to prevent dynamic coupling of the deployed antenna with orbital excitations 
from the attitude control system or with other large flexible structures such as solar panels or the 
antenna support booms. The ribs have a variable wall thickness. The midsection thickness of 
0.013 inch is linearly tapered to 0.009 inch at the rib root and 0.007 inch at the rib tip. 

Tapering in this fashion produces an efficient, lightweight structure by matching the rib strength 
to the moment profile imposed on each rib in the maximum stress condition. Figure 3.1-8 illus- 
trates this profile, which results in the restrained stowed condition. The resulting rib design 
weighs 0.325 pound per rib and totals 3.9 pounds for the 12 ribs. 

Thermal control of transverse rib temperature gradients is accomplished by three 
layers of a multilayer insulation blanket using three layers of nylon net to separate each film. 
Thermal analyses (see Paragraph 4.3) of the reflector in the orbital environment indicate this 
thermal control method is sufficient to meet the required orbital surface tolerance and pointing 
requirements under worst-case orbital conditions. 

The ribs are formed to a shape such that application of the mesh tension loads pro- 
duces the required parabolic rib curvature. The required rib preshape is illustrated in Figure 

3.1- 9. This required shape is determined by a computer program which considers the forces result 
ing from application of the mesh and intercostals to arrive at the correct rib shape. Following 
forming, the ribs are chemically milled to the required wall thickness and tolerance. Tolerance 
on rib thickness is critical when dealing with the extremely thin wall conditions. The rib thick- 
ness is verified using an ultrasonic instrument for thickness measurements. The holes required for 
midpoint restraint stems are drilled. After fabrication, the ribs are stored in a clean environment 
and require white glove handling. 
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Figure 3.1-7. Front Mesh Attachment 
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Figure 3.1-8. Loading Condition for Stowed Ribs 
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The rib pivot- arms are considered an integral part- of the rib structure. These pivot 
arms are constructed as castings From KOI aluminum alloy and are bonded into the end of each 
rib. This alloy was selected due to its high yield strength and good elongation characteristics. 
Since the flexural portion of the pivot arm acts as a spring to maintain preload against the rib 
stops and ensures accurate positioning of the deployed ribs, it is important that yielding does not 
occur. The dimensions of the flexural portion of the pivot arm are determined from consideration 
of the stress in the arm due to gravity, preload, and travel allowance for adjustment. The deflec- 
tion of the pivot arm is sufficient to allow final adjustment of the rib position without removing the 
preload. Figure 3.1-10 is a view of the pivot arm detailed design. Figure 3.1-11 shows the 
fabricated pivot arm casting. 

3.2 Feed Support Structure 

The feed support element is the primary structural member of the stowed antenna. 

The base diameter of the feed support was selected from a trade-off between electrical perform- 
ance, stiffness, and weight considerations. A conical structure was chosen because of inherent 
structural efficiency of this geometry. Past analyses have shown that a truss type support struc- 
ture is not weight effective in this application due to the high length to small base diameter 
ratio. 

The base of the feed cone is designed to simply unbolt From the hub structure, thus 
allowing alternate cone and feed designs to be attached. Removal of the cone also allows access 
to the deployment system, RF feed lines and microwave components within the cone. 

The cone is manufactured from 6061 aluminum sheet which is rolled and joined 
along a vertical seam. After forming, the wall thickness is etched to 0.020 inch for the lower 
half and 0.015 inch in the upper section. Figure 3.2-1 shows the finished support cone. A 
stiffener 'ring isutilizedin the cone midsection to support the rib-to-cone restraint system. The 
hub section is machined from a continuous piece of 6061 -T6 aluminum stock. The hub walls are 
held to 0.050-inch thickness with local stiffening rings, rib ports, and base flange machined into 
the integral structure. At each rib port, bearing blocks are precisely machined into the surface 
to locate and support the rib pivot bearings. Figure 3.2-2 shows the finished hub structure. The 
upper portion of the support cone attaches to a dielectric radome In the shape of an ogive. The 
ogive geometry was selected due to its high electrical efficiency In the Ku-band region. Figure 
3.2-3 shows the fabricated radome and the upper conical section used to attach the rib tips and 
feed brackets. The dielectric walls are constructed from two skins, 0.010 of an inch thick, high 
modulus "S" glass and epoxy resin with a 3/8-tnch thick, phenolic honeycomb core. The sand- 
wich construction was used because it gave high stiffness to weight and a very low RF loss. 

Figure 3.2-4 shows the fully assembled feed support system. 
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Figure 3.1-11. 


Pivot Arm Casting 
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Figure 3.2-1 . 


Fabricate Conical Feed Support 
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Figure 3.2-2. Fabricate Hub Structure 
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Figure 3 . 2-3 . 


Ogive Radome and Fabrication Mold 
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Figure 3.2-4. Conical Support and Ogive Radome Provides High 
Stowed Stiffness with Minimal RF Blockage and Radome Loss 
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3.3 


Mechanical Deployment- System (MDS) 


The Mechanical Deployment System (MDS) function is to provide a controlled 
deployment of the reflector from the stowed to the fully deployed position. This controlled 
deployment eliminates the transfer of any deployment forces to the spacecraft arid also prevents 
impact loading of the rib structures, thus assuring that the preset parabolic surface is not distorted 
by the deployment action. 

The MDS is located inside the lower section of the feed support cone assembly. 
Figure 3.3-1 illustrates the mechanism design. The MDS consists of a disc-shaped carriage 
mounted to the moving section of a recirculating ball nut on a ball screw shaft. Connected 
between the carriage and the 12 ribs are 12 links that transmit the required force and motion to 
deploy the individual ribs. Rotation of the ball screw moves the carriage and attached links 
which, in turn, produces the simultaneous rotation of each rib about its bearing. As the carrier 
moves 4.25 inches along the screw shaft, the ribs are rotated a total of 68 from their stowed to 
their fully deployed position. This travel requires approximately 55 seconds. When fully 
deployed, each connecting link is under 38 pounds compression. This loading holds each rib 
tightly against an accurately preset stop. The flexural section of the rib pivot arm (located 
between the rib pivot point and the linkage bearings) acts as a cantilever spring and deflects 
approximately 0.038 inch due to the 38-pound compression loading. This compliance provides 
a method for eliminating the effects of minor differences in link adjustments on the final rib 
position. It also allows for differential expansion and contraction between the various members 
without resulting in any appreciable movement of the rigid portion of the rib pivot arm. 

Latching in the deployed condition is accomplished by driving the ball-nut carrier 
and linkages through an over center condition (relative to the pivot arms). In this condition the 
mesh tension forces, rib loads, spring motor, and pivot arm preload all force the carrier against 
a mechanical stop. Any external loads, such as vibration loads, only serve to further increase 
the loading of the carrier against the mechanical stop. This toggle action eliminates the require- 
ment for Further latching devices in the deployed condition (e.g., a mechanical brake or one- 
way clutch) thereby improving reliability. A back driving torque of approximately 8 -inch 
pounds to the ball screw is required to back drive the mechanism through the latching toggle 
action to restow the antenna. 

A secondary advantage of this toggle latching is convenience during ground testing 
and handling. The antenna can be remotely stowed during ground testing by reversing the cur- 
rent to the electric motors. 

The MDS utilizes redundant energy drive systems to rotate the ball screw within the 
ball nut carrier. The primary drive energy Is a constant torque (2.5 inch pound) spring motor. A 
secondary advantage of the spring motor is that it also provides a preload on the mechanism in 
the stowed position which helps to eliminate any joint looseness in this area. The redundant 
backup drive system for a flight model version of the design consists of two miniature torque motors 
driven through a 60:1 ratio high efficiency gear system. For convenience and economy, these 
motors are replaced on the present ground test model by a 400-cycle, three-phase, ac motor and 
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gear system. The torque motors normally function as dynamic brakes, controlling the deployment 
rate and requiring no electrical power. If called upon to deliver power (by the deployment 
control unit) the motors can increase the torque to the ball screw by as much as a factor of five. 

Figure 3.3-2 shows the required ball-screw torque in inch-pounds as a function of 
the number of ball-screw revolutions for both the zero gravity and the face-down gravity condi- 
tions. The maximum deployment torque required In the face-down gravity position is approxi- 
mately 1 .8 inch-pounds at 25 revolutions of the ball-screw and this torque requirement Is due 
to the force required to stretch the mesh to the proper tension condition. In zero gravity, only 
1 .3 inch-pounds are required at this maximum torque. 

The constant torque spring motor provides a 2.5 Inch-pound torque to the ball screw 
and thus exceeds the required face-down gravity torque by 40.0 percent and the zero gravity 
torque by 92 percent. The total deployment torque available Is 15.5 inch-pounds and exceeds 
the face-down gravity requirements by 860 percent and the zero gravity requirements by over 
1 ,000 percent. 

All rib and I inkage bearings are designed with simple, parallel redundant bearings. 
This design greatly reduces the probability of any bearing exhibiting undesirable friction changes. 
In the event of a high friction condition, the deployment system is designed to transfer the full 
deployment force to the lagging member and overcome the increased friction. 

Dry film lubricants are used on the various sliding and rolling surfaces In the MDS. 
Two basic types of dry film lubricants are used. These consist of transfer film lubricants used 
in the Bartemp special retainer bearings, and bonded or plated films used on journal shafts and 
the ball screw. The use of these dry film lubrication techniques allows the deployment mecha- 
nism to be operated in space with unsealed components. 

The techniques of thin film lubrication involve a hard solid surface covered by a 
thin film of softer material possessing lower shear strength. The hard underlying substrate acts 
to support the load and limit the area of contact. 

The lubricant system must be compatible with extensive ground testing in an ambient 
environment in addition to operating in the orbital environment. All of the lubricants used have 
been previously tested in air and provide satisfactory life in air as well as in a vacuum. 

Table 3.3 details the lubricants used. Lubeco 905 is a chemically-bonded, com- 
pletely inorganic solid dry film made up of molydbenum disulfide and graphite particles of con- 
trolled size. The exact chemical binder is vendor proprietary. Lubeco 905 was successfully 
used on moving mechanical parts of the Surveyor Camera equipment. This lubricant was also 
used on a previous 12.5-foot diameter test model antenna which was tested under solar-vacuum 
conditions. 

Hi-T-Lube consists of an initial substrate deposition of gold with a film overcoat. 
The film uses a phenolic binder to adhere the impregnated M 0 S 2 and graphite. The film coatings 
are applied in the 0.0003 to 0.0005 inch thickness range. Hi-T-Lube was also used on the 
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Table 3.3. 

Dry Film Lubricant Usage 



Item/Location 

Quantity 

Material 

Lubricant (Vendor) 

1 . 

Pivot Arm Shafts 

12 

303 Stainless Steel 

Hi-T-Lube (General Magnaplate Corp.) 
Lubeco 905 (Lubeco Inc.) 

2. 

Rod End Bearings 

24 

440C Stainless Steel 

Lubeco 905 (Lubeco Inc.) 

3. 

Rod End Shafts 

24 

416 Stainless Steel 

Hi-T-Lube 

Lubeco 905 (Lubeco Inc.) 

4. 

Upper Ball Screw Bearing 

1 

440C Stainless Steel 

Hi-T-Lube 

Lubeco 905 (Lubeco Inc.) 

5. 

Spring Motor Reels 

2 

6061 -T6 Aluminum 

Tufram (Genera! Magnaplate Corp.) 

6. 

Spring Motor Take-Up 

2 

440C Stainless Steel 

Bartemp (Barden Corp.) 

7. 

Ball Screw and Nut Returns 

1 

440C Stainless Steel 

Hi-T-Lube 

8. 

Carrier Antirotation Bearings 

2 

440C Stainless Steel 

Bartemp 

9. 

Gear Train Bearings 

4 

440C Stainless Steel 

Bartemp 

1.0. 

Gear System 

4 

440C Stainless Steel 

Hi-T-Lube 
Lubeco 905 

11. 

Electric Motor Brushes 

4 

Composite 

Silver/Graphite (Inland) 

12. 

Upper Restraint Cable Ferrules 
and Cable Guide 

12 

6061 -T6 Aluminum 

Tufram (General Magnaplate Corp.) 

13. 

Thrust Washers and Shaft Spacers 

24 

Duroid 581 3 

Composite M 0 S 2 , Teflon, Fiberglass 
(Rogers Corp.) 



previous 12. 5-foot diameter antenna and this lubricant was flight and ground vacuum tested 
for me LEM ball nut-screw actuator. 

The spring motor reels (and the guide ferrules of the rib tip restraint system) are 
coated by the Tufram process. This process consists of converting a controlled depth of the sur- 
face to aluminum oxide and then impregnating the ceramic surface with TFE particles less than 1 
micron in diameter. The combined effect gives a resilient surface having a very favorable 
coefficient of friction. 


3.4 Launch Restraint Design 

The launch restraint system serves a dual purpose. First, the restraint system forces 
the stowed antenna structure to act as a single, stiff, structural element, thereby increasing the 
stowed resonant frequency of the antenna. Second, the restraint system design is utilized to 
effectively reduce stresses developed by launch loads in critical areas. Two restraint systems, 
one at the rib midpoint and one at the rib tip, are utilized to accomplish the above functions. 

Each rib is supported at its midpoint in the stowed condition by the midpoint restraint 
system (see Figures 3.4—1 and 3.4-2). This restraint system is comprised of 12 spars emanafing 
radially outward from the midsection of the feed support cone to a circular hoop. As each rib is 
stowed, a metal pin protruding from the rib seats into a small conical socket on the hoop. A pre- 
load of 15.8 pounds is developed at this point by deflecting the rib tips inward after each pin 5s 
seated. This preload assure that no separation of the pin-and-socket Joint will occur during the 
maximum dynamic loading. The pins and sockets are protected from wear and cold welding by 
plating with Type III hard anodic coating. This system provides rib stability as well as a direct 
load path from the ribs to the feed support cone. 

The midpoint restraint system is entirely passive in performing its function, with no 
motion involved. Being constructed of dielectric material, its presence does not measurably 
affect the RF performance of the antenna. The material selected for the radial spars and hoop is 
a fiberglass and epoxy laminate with undirectional glass fibers. This midpoint restraint system 
design has been shown by test to produce a 45 percent increase in the stowed antenna resonant 
frequency with respect to a design without such a restraint. 

The upper restraint system provides rib tip restraint and maintenance of the stowed 
rib preload by a tensioned cable system. An aluminum plug on the tip of each rib contains an 
accurately machined conical socket (Figure 3.4-3). This socket seats over a mating aluminum 
cone protruding from the upper restraint ring (Figure 3.4-3). The upper restraint ring is attached 
to the outer cone of the feed structure. The restraint is illustrated in Figure 3.4-4. When these 
two parts are mated and held in position by the restraining cable, a moment type connection is 
achieved. The angles and dimensions of fhe mating conical parts are chosen to provide resistance 
to both translational and rotational motion of the ribs while allowing the ribs to easily disengage 
for deployment when the restraining cable is released. 
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Figure 3.4-2. Midpoint Restraint System 
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Figure 3.4-3 . 


Rib Tip Restraint Socket and Mating Cone on 
Feed Support System 
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To seat the rib tip against the mating cone a preload force of 15 pounds is required. 
This preload is provided by the tensioned cable around the rib tips. Development of this preload 
also provides the required midpoint restraint preload. 

The restraining cable does not directly contact the rib tips but is threaded through 
ferrules on the ends of a series of 12 leaf springs. These ferrules seat against the rib tips. The 
opposite end of the leaf springs are attached to the upper restraint ring. The cable passes through 
the ferrules and then through a pair of pyrotechnic guillotine cutters. The cable ends terminate 
In a cable crimp. When the cable is cut, the leaf springs return to their unloaded shape and this 
action lifts the cable free of the rib tips. The cable slips through the ferrules until the springs 
are fully extended, and then remains captivated inside the ferrules. The ferrules utilize a hard 
anodic coating with a proprietary impregnated Teflon coating. This dry film lubrication method 
provides lubrication for cable sliding while preventing cold welding. With the cable and ferrules 
now out of the way, the ribs are free to be deployed by the mechanical deployment system. 
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4.0 


REFLECTOR PERFORMANCE RESULTS AND PROJECTIONS 


This section presents measured test results on the reflector and includes analytical 
projections for orbital performance. 

4. 1 Weight and Surface Error Budgets 

The projected and actual weight and surface error budgets are shown In Tables 4,1-1 
and 4.1 —2, respectively. 

The actual weight increased from the projected weight at CDR by 3,5 pounds from 
22.75 pounds to 26.25 pounds. This was due mainly to the use of a nonflight deployment motor 
(0.75 pound) and 2 mil silver-coated Teflon for the outer layer of the ML1 blankets. 

The surface error budget for the worst-case orbital condition is shown in Table 4,1-2. 
The error sources are described in the following paragraphs. 

The manufacturing error consisting of mesh attachment, adjustment, and bulge 
error is the measured value of this error source. Components of this source are a small error asso- 
ciated with the mesh seam along each rib due to the inability to practically achieve a perfect 
joint; the inherent reverse bulge effect between adjacent mesh tie points as well as a slight 
"dimpling" of the mesh in the immediate vicinity of each tie point; and one's ability to physically 
adjust the reflector contour with the mesh ties and adjustable rib standoffs. 

The gravity deflection error occurs in orbit as the gravity force is removed from the 
surface. Upon removal of the gravity force, the mesh surface will assume an equilibrium position 
different from that in the gravity field. Preliminary efforts to determine the quantity of this error 
indicate that, if no compensation is built in, the magnitude could be as much as 0.023-inch rms 
for the present design. By setting each gore in a horizontal position where the gravity effects 
are partially nullified, the effect of this error can be reduced by 75 percent or more. The 
0.006-inch contribution listed in the budget reflects such a value. 

The thermal error shown is the worst-case distortion projected by thermal analyses 
(see Paragraph 4.3). 

Table 4.1-3 presents the measured surface error data on the reflector. Two signifi- 
cant results are indicated. First, examination of the first and third measured surface error values 
shown illustrates that a highly repeatable surface is achieved and maintained over multiple 
deployments. Second, a comparison of the first and second values in the table bounds the gravity 
distortion effects on the reflector. The first value of 0.020-inch rms was measured by rotating 
the reflector past the horizontal sweep template. Thus, gravity effects are partially nullified. 

The second value of 0.032 -inch rms was measured by rotating the sweep template around the 
reflector with the reflector in the face-side condition. This value thus includes the maximum, 
or worst-case, effects of gravity distortion. One is therefore assured that the orbital surface 
error before thermal distortions are included must be less than the measured 0.032 value. 
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Table 4.1-1. Antenna Weight 


Weight, Pounds 


Element 


Calculated Actual 


Feed Support System 


7.4 


Hub 

2.8 


2.8 

Cone 

3.6 


3.7 

Ogive 

1.0 


1.0 

Rib Assembly 


7.0 


Ribs 

4.0 


4.3 

Midpoint Restraint Pins and Local 

0.5 


0.5 

Reinforcement 




Standoffs 

0.2 


0.2 

Pivot Arms 

1.6 


1.9 

Rib Tip Restraint 

0.7 


0.8 

Mesh Gore Assemblies 


1.7 


Front Gore Assembly 

1.2 


2.0 

Back Gore Assembly 

0.2 


0.2 

Tie Wires 

0.1 


0.1 

intercostals 

0.2 


0.2 

Mechanical Deployment System (MDS) 


2.9 

3.8 

Restraint System 


2.0 


Hoop and Spar Assembly 

1.0 


1.2 

Top Restraint Ring, Cones, and Hardware 

0.6 


0.6 

Cable, Cutter, Spring, Ferrules, and 

0.4 


0.4 


Pyrotechnics 


Thermal Control 

0.9 


Rib Insulation 

0.5 

0.9 

Cone/Hub Insulation 

0.4 

0.8 

Motor Wire and Harness 

0.3 

0.3 

Feed 

0.55 

0.55 

Total Weight 

22.75 

26.25 
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Table 4.1-2. Surface Error Budget for Worst-Case Orbital Conditions 

Error Source Magnitude, Inches 

Thermal Distortion 0.008 

Manufacturing (mesh attachment, adjust- 0.020 

ment, and bulge) 

Gravity Error 0.006 

Total RMS Error 0.022 

Measurement Error Effects on Total ±0.001 

RMS Error 

Table 4.1-3. Summary of Surface Error Measurements 

Surface Error 

Test Condition Inches RMS 

Face-side reflector is rotated past 0.020 

horizontal template; gravity effects 

minimized 

Template is rotated around face reflector; 0.032 

gravity effects included 

Face-side reflector is rotated past 0.019 

horizontal template after pyrotechnic 
firing and fen stow/deploy cycles 
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4.2 


RF Performance 


4.2.1 RF Range Test Results Summary 

Range tests were conducted to evaluate the RF performance of the reflector. Range 
measurements consisted of pattern measurements at 2.1 GHz and 15 GHz, relative gain measure- 
ments at 2.1, 13.4, 15.0, and 15.45 GHz, and an absolute gain measurement at 15.0 GHz. 

Figure 4.2. 1-1 illustrates the test configuration for the relative gain and pattern 
measurements, the deployable reflector and a standard 12-foot diameter solid reflector are 
mounted back to back. The solid reflector has a known surface error of 0.007-inch rms. A 
standard feed was used for the gain measurements by first placing the feed in the solid reflector 
and then in the deployable reflector. The feed is supported in the solid, or reference, reflector 
in such a way that the primary blockage is zero and the secondary blockage is minimal (0.05 dB). 
The deployable reflector was tested with the complete feed cone, midrib restraint assembly, and 
radome, thus representing an operational condition. No fixturing was utilized to correct for 
gravity distortions in the deployable reflector and thus a surface error of 0.032-inch rms existed. 

The absolute gain of the deployable reflector at 15 GHz was determined by com- 
parison with an NRL design gain standard horn. 

Figure 4.2. 1-2 summarizes the gain measurement results. Figures 4.2. 1-3 and 
4.2. 1-4 show the deployable reflector patterns at 2,1 GHz and 15.0 GHz. 

Complete details of the range test results are given in Appendix B, 

4.2.2 Projected Orbital Performance 


To project the orbital performance of the reflector, the worst-case orbital surface 
error, defocus, and pointing error have been combined with a selected feed concept. 

The feed concept selected for these calculations employs a pseudomonopulse tracking 
Cassegrain Ku-band and programmed-tracking apex S-band implementations. The feed arrange- 
ment (see Figure 4. 2. 2-1) utilizes a frequency sensitive dichroic lens subreflector. The feed is 
configured to mate with the 12.5-foot rib-and-mesh reflector. Table 4. 2. 2-1 presents efficiency 
factors for the feed at Ku-band as well as the overall illumination efficiency. Also, the effects 
of coupler, bandpass filter, rotary joint, waveguide, diplexer and other losses are reflected by 
the overall line loss efficiency shown in the table. 

The worst-case orbital surface error is 0. 024-Inch rms, and utilizing Figures 4. 3. 3-6 
and 4. 3. 3-7, the worst-case axial defocusing and pointing error are 0.065 inch and 0.05 niilli- 
rodian, respectively. For operation at 15 GHz, these produce a reflector efficiency of 87 percent. 
Combining these with a measured mesh reflectivity of 93 percent gives an overall reflector effi- 
ciency of 81 percent. Table 4. 2. 2-2 presents the combined feed/reflector or overall antenna 
efficiency. 
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STANDARD REFLECTOR DEPLOYABLE ANTENNA REFLECTOR 



86324-1 A 


Figure 4.2. 1-1 . RF Range Test Configuration 
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• RELATIVE GAIN 

FREQUENCY 

GAIN DIFFERENCE* 
MEASURED PREDICTED 

2.1 GHz 

-0.6 dB 

-1.2 dB 

13.4 GHz 

-2.4 dB 

-2.5 dB 

15.0 GHz 

-2.5 dB 

A 

-2.5 dB 

15.45 GHz 

-2.5 dB 

-2.5 dB 

• ABSOLUTE GAIN 



FREQUENCY 

GAIN 


15.0 GHz 

51.5 dB (WITH RESPECT TO 
GAIN STANDARD) 


•GAIN DIFFERENCE IS BETWEEN SOLID REFERENCE REFLECTOR AND 
DEPLOYABLE REFLECTOR 


Figure 4.2. 1-2. Gain Measurement Summary 
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87824-3 


Figure 4.2. 1-3. RF Patterns at 15 GHz 
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Figure 4.2. 1 -4. RF Patterns at 2 . 1 GHz 
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Figure 4, 2.2-1. Tracking Cassegrain Ku-Band, Nontracking Apex S-Band Feed Layout 


Table 4. 2. 2-1 



Ku- 

-Band 

Efficiency Factors 

Receive 

Transmit 

Spillover/Amplitude Taper Efficiency 

0.800 

0.800 

Primary Phase Efficiency 

0.980 

0.980 

Blockage Efficiency 

0.981 

0.981 

Primary Cross-Polarization Efficiency 

0.990 

0.990 

Secondary Cross-Polarization Efficiency 

0.999 

0.999 

Dichroic Loss Efficiency 

0.940 

0.940 

A. Illumination Efficiency 

0.715 

0.715 

Horn and Polarizer Loss Efficiency 

0.978 

0.978 

Diplexer Loss Efficiency 

0.994 

0.994 

Four- Way Power Divider Loss Efficiency 

— 

0.985 

Comparator Loss Efficiency 

0.982 


Coupler Loss Efficiency 

0.937 

— 

Bandpass Filter Loss Efficiency 

0.966 

— 

Rotary Joint Loss Efficiency 


0.955 

Waveguide Loss Efficiency 

0.946 

0.995 

Diplex Loss Efficiency 

— 

— 

Coaxial Cable Loss Efficiency 

— 

— 

Cupped Helix Feed Loss Efficiency 

— 

— 

Mismatch and Axial Ratio Loss Efficiency 

0.978 

0.978 

B. Line Loss Efficiency 

0.799 

0.890 









Table 4.2. 2-2. Worst-Case Orbital Performance for Ku-Band Operation 

Efficiency 

Parameter Receive Transmit 


Dual Frequency Feed at Ku-Band 
Line-Loss Efficiency 
Reflector 
Total Efficiency 


0.715 

0.799 

0.81 

0.462 


0.715 

0.890 

0.81 

0.515 


4.3 


Thermal Design Performance 


This section presents the thermal analyses that were performed to verify the adequacy 
of the antenna design. 


4.3.1 Thermal Performance Parameters 

The primary parameters affecting the antenna orbital thermal performance are hub 
temperature gradients, diametral rib gradients, feed support cone gradients, and the rib and feed 
cone average temperatures. These variations are induced by changes in the solar incidence angle 
and shadow patterns. Hub distortions are potentially the major contributor to the thermal con- 
tribution to surface error, defocusing, and mispointing because of their amplification by the rib 
length to give large rib tip movements. The hub gradients are effectively controlled by the 
incorporation of a multilayer insulation blanket around the hub and feed support cone. The 
diametral rib gradients are directfy proportional to the rib solar absorptivity, a and inversely 
proportional to the diametral thermal conductance. The gradient is therefore minimized by 
reducing the rib a s and increasing the wall thickness and thermal conductivity. The feed sup- 
port cone diametral heat transfer is predominantly by radiation, therefore, the gradients are 
reduced by incorporating a high infrared emittance interior surface and a multilayer insulation 
blanket around the exterior. 

Thermal analyses were performed to provide sufficient trade-off data for selection 
of the optimum rib thermal control system. The high surface accuracy required is achieved 
through thermal control of the antenna rib locations. Though large temperature variations 
occur in the mesh itself, the mesh spring constant is adequately low to prevent a significant 
transmission of mesh effects to the rigid ribs. Further, the mesh pretension ratio is such that no 
"wrinkling" of the mesh occurs due to orbital temperature excursions. 

In addition, a thermal analysis was performed for the antenna assembly for a 
synchronous orbital condition to confirm the operational performance of the antenna thermal 
control system. 
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4.3.2 


Thermal Analysis Approach 


The preliminary thermal analysis was performed using the Antenna Thermal Analyzer 
Program (ATAP) which performs the following steps: 

1. Generates the thermal math model of the antenna including node assignment 
and distribution 

2. Solves for the steady-state temperature distribution for each sun angle and 
shadow condition 

3. Computes the surface distortion caused by the temperature distribution 

4. Computes the rms surface accuracy, defocusing, and mispointing of the 
best-fit paraboloid generated by the deflected rib coordinates. 

Since the thermal distortion analysis was performed on this antenna, additional 
development has led to a thermoelastic distortion model which includes the mesh surfaces using 
pretensioned, orthotropic membrane elements. Mesh membrane distortions have been determined 
to be a significant contributor to on-orbit surface distortion of other deployable antennas. The 
solar vacuum testing and associated analysis of the Ku-band antenna will provide definitive data 
concerning mesh distortions. Mesh plating, pretension, and stiffness properties are available 
which are consistent with the thermal distortions listed in surface error budgets. Presentation 
of additional analysis results within the scope of this report is not possible. 


4.3.3 Thermal Control Coatings 

Several thermal control coating systems were considered, for the antenna ribs. These 
can be classified in three basic categories: rib surface treatment, adhesive backed tapes, and 
multilayer insulation (MLI). Figures 4.3. 3-1 and 4. 3. 3-2 present the predicted diametral 
temperature gradient along the antenna ribs for sun angles of 0° and 180°, respectively, for four 
configurations. (The rib wall thickness at the hub, midpoint and tip are 0.008, 0.012, and 0.006 
inch, respectively.) The surface treatment concept investigated involved polishing the rib 
exterior to yield a relatively low solar absorptivity (a s ). Past experience in polishing of the 
6061 -T6 aluminum ribs yielded an emissivity of approximately 0.06 and a s values in the range 
of 0.18 to 0.23 with 0.21 being a representative value. The polished aluminum thermal control 
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Figure 4. 3. 3-1. Diametral Rib Gradient Versus Rib Position for Four-Rib 

Thermal Control Coating Systems 
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Figure 4. 3. 3-2. Diametral Rib Gradient Versus Rib Position for 
Four Thermal Control Coating Systems 





surface has the advantage of having the lowest weight possible since it adds no weight to the 
rib. 


Flexible, adhesive-bached, metallized FEP Teflon tapes were also evaluated (or 
use on the antenna ribs. The FEP Teflon tape is readily available with either vapor-deposited 
aluminum or silver as the solar reflective surface. Solar absorptivity values of 0.08 and 0, 14 
were assumed for the silverized and aluminized tapes, respectively. An emissivity of 0.55 was 
used for both tapes (indicative of a 0.001-inch Teflon thickness). A close inspection of 
Figures 4. 3. 3-1 and 4. 3.3-2 reveals the significant interaction between the Teflon-coated ribs 
and the gold-plated mesh. The differences in the front and back mesh transmissivity (Tp = 0.85, 
r B = 0.95) causes a significantly greater thermal loading condition on the front portion of the 
ribs. This has the effect of increasing the front-to-back diametral rib gradient for sun angles 
yielding forward insolation and decreasing it for rear insolation. 

Multilayer insulation (MU) is the third category of rib thermal control systems men- 
tioned above. Most MU configurations can be classified into two basic categories: 

1. MU with interlayer separating spacers, and 

2. MU without an interlayer separating spacer 

The spacer is normally made of a lightweight, low conductive material and is used 
to retard the interlayer thermal conduction. MLI with interlayer spacers is normally used where 
contact pressure between layers may be significant. 

The MLI configurations without the interlayer spacers rely on crinkling or dimpling 
of the metallized film to interrupt the thermal conduction paths. Crinkled mylar blankets exhibit 
high thermal insulating properties for relatively low weight. The primary disadvantage of crinkled 
mylar blankets is ensuring that for relatively small diameter cylinders (such as the 1.5-inch diam- 
eter ribs) the interlayer contact pressure is not so great as to flatten out the crinkles, thereby 
allowing significant thermal conduction to occur. 

An MU configuration was selected which incorporated alternating layers of a light- 
weight nylon tulle and aluminized 1/4-mil mylar. The blanket is constructed by placing a layer 
of nylon tulle on the surface of the rib, followed by alternating layers of aluminized mylar and 
nylon tulle. The final outer layer of insulation is silverized Teflon rather than aluminized mylar. 
The mylar used in the blanket is aluminized on both sides. The number of layers is defined as the 
number of layers of nylon tulle. The approximate weights per unit area and thicknesses for the 
MLI blanket materials are listed in Table 4.3.3. 

Figure 4. 3.3-3 presents the results of thermal tests which have been performed on 
this MLI configuration on 1.5-inch diameter cylinders. The model used in the data correlation 
assumed heat transfer across the blanket to be by both radiation and conduction. These MLI 
performance data were used together with the basic antenna design to produce the diametral 
rib gradient data of Figure 4. 3. 3-4 for different numbers of layers of MLI. It is interesting to 
compare the temperature gradient of Figure 4. 3. 3-1 for the adhesive-backed silver-coated Teflon 
(approximately 4°F at segment No. 1) with the gradient indicated in Figure 4. 3. 3-4 for one*layer 
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Table 4.3.3. MLI Material Weights 


Material 

Thickness, Inches 

Weight, Lbs./Ft. 

Nylon Netting 

0.0035 

2.0 xlO" 3 

Aluminized Mylar 

0.00025 

1.79 x 10" 3 

Silverized Teflon 

0.001 

11.32 x 10“ 3 


MLI (1 ,2°F}. Physically, this represents simply exchanging the adhesive for a single layer of 
lightweight nylon tulle. This represents greater than a 3:1 reduction in weight. 

The rib diametral gradient data presented above are used to indicate the best 
thermal control coating configuration for the antenna. The rib temperature distributions are 
included in Appendix C of the CDR Data Package with the ATAP printouts of the orbital surface 
accuracy. 

4.3.4 Conclusions 

The results of the analyses presented confirm the adequacy of the thermal design of 
the antenna assembly for operation in the synchronous equatorial orbit. 
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: EFFECTIVE EMISSIVITY 



LAYERS 


86692-6 


Figure 4. 3. 3-3. MU Thermal Performance Versus Number of Layers 
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EFFECTIVE CONDUCTANCE, BTU/HR FT' 




DIAMETRIAL RIB GRADIENT 


<* * % 





NUMBER OF LAYERS OF MU — 86692-2 


Figure 4. 3. 3-4. Diametral Rib Gradient Versus Number of Layers of ML) 
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4.4 


Structural and Dynamic Analyses 


Analyses were performed to support design trade-off studies. Of primary concern Is 
attaining a very lightweight antenna that meets the stowed and deployed frequency requirements 
and can survive the 25 G lateral launch load. 

The Rayleigh Method was used in preliminary analysis to calculate fundamental 
frequencies at a low cost. Eigenvalue solutions were used for final analysis. 


4.4.1 Results and Correlation 

The final lightweight antenna design meets all frequency and strength requirements 
as demonstrated in Tables 4.4. 1-1 and 4.4. 1-2. Table 4.4. 1-3 correlates measured stiffness 
values with calculated values. Detail test results are given in Appendix B. 

To aid in the selection of a rib, a parametric analysis was performed by varying the 
rib thickness and diameter. From these results and considering stresses and thermal requirements, 
a 1 .5 -inch diameter rib was selected having a root wall thickness of 0.008 inch, a midpoint wall 
thickness of 0.012 inch and a tip wall thickness of 0.006 inch. 

The selected rib was analyzed more accurately for frequencies by performing an 
eigenvalue solution and considering the rib parabolic shape and the pivot arm and hub compliance. 

A load analysis was performed for the mechanical deployment system for each degree 
of motion during face-side or face-down deployment in a 1 G field. 

Calculations were made for the optimum rib shape that would tend to offset the 
mesh bulge effects and the zero-G effects of space. 

A detail computer model was assembled for the MDS. It included the lower half 
of the ribs and the lower eight inches of the support cone and hub. A lateral loading of 25 G 
and a longitudinal loading of 35 G were applied. Stresses due to these launch loads were cal- 
culated throughout the MDS and found to be less than 2500 psi limit. 

The calculated antenna center of gravity is on the boresight axis and ?s located 
30.29 inches above the base. 


4.4.2 Stowed Antenna Dynamic Analysts 

4.4.2. 1 Description of Computer Model 

The nodal topology of the stowed antenna model is shown In Figure 4.4.2. 1. This 
cantilevered antenna was fixed at Its base. Each of the 12 ribs was modeled with six straight 
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Table 4.4. 1-1 . Comparison of Fundamental Frequencies, Hz 


Configuration 

Axis 

Requirement 

Calculated 

Stowed Antenna 

Torsional 

15. 

29.4 

Stowed Antenna 

Latera 1 

40. 

55.6 

Stowed Antenna 

Longitudinal 

90. 

141.8 

Deployed Antenna 

Lateral 

4. 

7.02 

Deployed Antenna 

Torsional 

4. 

7.01 

Stowed MDS 

Lateral 

100. 

*648. 

Stowed MDS 

Longitudinal 

100. 

*556. 


*Values look too high. See discussion in Appendix D. 
Section D4.0. 


Table 4.4. 1-2. Physical Stress Margins of Safety, MS 


Element 

MS 

Rib 

0.31 

Cone, Node 1 

1.44 

Cone, Node 2 

1.86 

MDS Carrier 

0.14 

MDS Push-Rod 

1.78 

MDS 8a II Screw 

1.36 

Pivot Arm 

2.45 
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Table 4.4. 1-3. Correlation of Analysis and Test Values for Reflector Stiffness 



TEST CONFIGURATION 


MEASURED VALUE PREDICTED VALUE* 


STOWED, LATERAL AXIS 
STOWED, LONGITUDINAL AXIS 
DEPLOYED, LONGITUDINAL AXIS 


57.0 Hz 
185.0 Hz 
8.2 Hz 


56.8 Hz 
141.8 Hz 
7.0 Hz 


•PREDICTED VALUES AT CRITICAL DESIGN REVIEW 
CONCLUSIONS: 

• ANTENNA IS SUFFICIENTLY STIFF TO BE TREATED AS A COMPONENT AND 
QUALIFIED SEPARATE FROM SPACECRAFT. 
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Figure 4.4.2. 1 . 


Computer Model of Stowed Antenna Showing Nodal Topology 



line beam elements. Each rib was connected at its base by a pinned joint to the antenna hub. 

The midpoints of the ribs were connected to the support cone by a hoop and spar restraint system. 
The midpoint restraint is fixed to the rib and ball connected at the spar ring. The rib tips were 
moment connected about two axes to the top ring with short tip-restraint members that provide 
the correct amount of eccentricity and no torsional restraint about Its axis. The support cone and 
ogive assembly was modeled as a fourteen member tapered beam. Section property calculations 
for the support cone and ogive took into account the conical shape, thus, providing effective 
areas and moments of inertia for each section. In reducing the cone and ogive to a line it was. 
necessary to add rigid members at the midpoint and at the top, e.g., nodes 5-64 and 15-16. 

Rigid members at the top are fixed at node 15 and ball connected at the top ring. 


The hub is 0.050 inch thick up to the pivot pins which are 3.5 Inches above the 
base. The support cone is 0.020 inch thick up to the midpoint and 0.015 inch thick from the 
midpoint to the neck. The ogive is 0.031 Inch thick at the neck and the remaining two-thirds 
is 0.021 inch thick. Material for the ogive is S-glass having a modulus of elasticity of 
3.0 x 10 . The upper cone Is 0.021 inch thick S-glass. The rib wall thickness is 0.008 ±0.001 
inch at root, increasing to 0.012 ±0.001 inch at the midpoint and decreasing to 0.006 ±0.001 
inch at the tip. The ribs, hub, and support cone are all made from 6061-T6 aluminum. 


The thermal control on the support cone and hub is black anodize on the interior 
and 14 layers of mylar, 15 layers of nylon net, and one layer of silverized Teflon on the exterior 
lower eight inches. Five layers of MU are used on remainder of cone. The ogive and upper 
cone thermal control is obtained with white paint on its exterior. The thermal control for the 
ribs consist of fwo layers of mylar, three layers of nylon net, and one layer of silverized Teflon. 
The mass of these items was included in the analyses. 


Mesh was conservatively assumed to be 100 percent effective as a mass in the 
stowed and deployed antenna models. 


4. 4. 2. 2 Stowed Antenna Analytical Method 

Final dynamic analyses were performed using an eigenvalue solution for the 
antenna. For the stowed antenna an inverse iteration method was used to extract the lowest four 
frequencies. For the deployed rib, the HQR algorithm was used to solve for all eigenvalues. 

The stowed antenna lateral mode shape was used to determine internal loads, 
deflections and stresses. Knowing that the maximum response is 25 G and that the vibration is 
harmonic, the acceleration relates to deflection from G = . lf^ X. The solved value of X divided 
by the normalized deflection of 1.0 inch produces a factor which can be multiplied by the eigen- 
mode solution having internal loads. 

Preliminary analyses and trade-off studies were performed using the Rayleigh Method 
to calculate the fundamental frequencies. In this method, it is assumed that the lowest mode 
shape is the same as obtained by applying a 1 G field to the model. Deflections at all nodes are 
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calculated using the STARDYNE computer program. The lowest frequency is then calculated 
from the expression 


Where: 


f 

F. 


3.13 WUF.A 
V i xi 


./£F. (a 2 . + A 2 . + A 2 .) 
i i \ xi yr zi/ 

gravity weights that are lumped at nodes i 


A. = deflections in x, y, and z directions at corresponding nodes i 

Validity of the Rayleigh Method was verified in prior analyses and tests. A com- 
parison of results with the eigenvalue solution is presented in the next subsection. 


4. 4. 2. 3 Stowed Antenna Results 

The computer printout of the input and a portion of the results is presented in 
Section D1 .0 of Appendix D of the CDR data package. The primary result is the fundamental 
frequencies for the stowed antenna which are 29.4, 55.6 and 141.8 Hz for the torsional, lateral, 
and longitudinal axes, respectively. 

Appendix D1.0 of the CDR data package contains additional results on internal 
loads, stresses, and deflections. This data was used with acceleration load factors to size 
members and determine the required preload at the rib midpoint. Reference Sections D7.0 and 
D8.0 of the CDR data package. 

Results of the stowed antenna lateral and longitudinal fundamental frequencies as 
calculated by the Rayleigh Method are presented in Sections D1 ,3 and D1.4 of Appendix D of 
the CDR data package. The eigenvalue solutions are presented in Section D1.5 of the CDR 
data package. The Identical model was used in both Rayleigh and Eigenvalue Method solutions. 
Each method has its advantages. Though the Rayleigh Method can be used to calculate the 
fundamental frequency with less machine time, the eigenvalue solution is more accurate; 
especially on mode shapes and stresses. Whereas the Rayleigh Method only provides the lowest 
frequency, the eigenvalue solution yields the first five natural frequencies. 

The Rayleigh Method results in a fundamental lateral frequency of 56.76 Hz. The 
eigenvalue solution value is 55.61 Hz. 

Figure 4. 4. 2. 3 shows the sensitivity of the stowed lateral frequency to additional 
(in excess of 0.55 pound) weight at the top of the antenna. 
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FUNDAMENTAL FREQUENCY, Hz 



Figure 4. 4, 2. 3, The Final Design Antenna Can Support an Extra Payload of 7.5 Pounds 
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4.4.3 


Deployed Rib 


4,4.3. 1 Parametric Analysis 

Previous analyses and test correlation have revealed that the fundamental frequency 
of the deployed antenna can be calculated within four percent by using a one rib model. This 
indicates that the mesh spring rate is relatively low and the mesh stiffness can be ignored to obtain 
approximate results. This is also a valid assumption in the present design because the ribs are 
relatively stiff compared to the mesh. The four percent accuracy on frequency applies to the 
final detailed rib model which includes a pivot arm and a portion of the hub. In this section the 
presumed accuracy is approximately 15 percent while in Paragraph 4. 4. 3. 2 the presumed accuracy 
is approximately five percent for the fundamental lateral frequency and 10 percent for the 
fundamental torsional frequency. 

Analyses were made to enable selection of a deployed rib based upon meeting a 
minimum frequency requirement while minimizing weight and tip deflection. Rib diameters of 
1.0, 1.5, and 2.0 inches were analyzed. Rib wall thickness was varied from 0.004 to 0.016 
Inch in 0.002 inch increments. Because the primary stresses are from preloading the rib, they 
are a maximum at the rib midpoint and a minimum near the tip and root. The rib thickness was 
also allowed to be a maximum in the center. 

The model consisted of 11 nodes connecting 10 segments. Node 1 at the tip was 
free and Nodel 1 at the root was fixed. The arc length of the rib was used but the model was a 
straight beam. Further details on the model and applied weights and results may be found in 
Section D2.0 of Appendix D of the CDR data package. A portion of the results is presented in 
Figures 4. 4. 3-1 through 4. 4. 3-3. 

The rib parametric analysis results show that none of the 1.0 inch diameter ribs 
meet the frequency requirements. The 1.5-inch diameter ribs meet frequency requirements when 
thickness is greater than 0.006. All of the 2.0-inch diameter ribs exceed the frequency 
requirement. 

Analysis indicated that preload stress requires a rib midpoint wall thickness of 
t m = 0.012 inch. The data used to plot Figure 4.4. 3-2 shows that when the tip and root thick- 
nesses are 0.006 the frequency reduces 14 percent while the weight reduces 25 percent. Thus, 
it is efficient to have a thickness taper of approximately two to one from midpoint to tip or root. 

Figure 4. 4. 3-3 indicates the degree of frequency-to-weight effectiveness. This 
chart must be tempered with absolute weight, frequency, stress, and thermal requirements. 

Figure 4. 4. 3-3 also indicates that the larger diameter thinner walled tubes are best from a 
frequency or stiffness viewpoint. This is contrary to thermal requirements which are ideal for 
small diameter thick walled tubes. Moreover, stress buckling must be investigated when using 
large D/t ratios. 
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NOTES: 1. TAPER RATIO = RIB WALL THICKNESS AT MIDPOINT, t , 
OVER THICKNESS AT TIP OR ROOT m 

2. MINIMUM FREQUENCY REQUIREMENT IS 4 Hz. 



t = 
m 

.016 

.012 

.016 

.008 

.012 

.008 
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Figure 4.4. 3-2. Variation of Rib Frequency and Weight Versus Taper Ratio 
for a Deployed 12.5-Foot Diameter Antenna 


91 of 356 




RIB DIAMETER, IN. 


86692-9 


Figure 4. 4.3-3. Variation of Quality Factor Versus Diameter for Ribs of 

a Taper Ratio = 2 
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Of Hie analyzed ribs there are a number of candidates that appear satisfactory. 
Preliminary thermal analysis shows that a 1.50 diameter rib with a constant wall thickness of 
0.010 Inch is marginally satisfactory. 

Therefore, giving consideration to stress, frequency, thermal, weight, cost, and 
low deflections, a rib size was selected. The selected rib is 1.50 inches diameter with a minimum 
thickness of 0.008 at the root, 0.012 at the midpoint, and 0.006 at the tip. Using a tolerance 
of ±0.0010 inch the above nominal thicknesses would all increase 0.001 inch. 


4. 4. 3. 2 Detailed Rib Analysis 

The selected rib was modeled for a STARDYNE eigenvalue run. The parabolic rib 
shape was now considered and a pivot arm was connected to the rib at the pivot pin. A sketch 
of the model and the geometry and other details are presented in Section D6.0 of Appendix D. 

The rib has 11 nodes and 10 beam segments, the pivot arm had 11 nodes and 11 beams and one 
plate element. Effective areas and moments of inertia were calculated considering the thickness 
taper . 

The fundamental frequencies in the torsional and lateral axes are 6.97 and 
6.91 Hz. The torsional mode shape is out-of-plane bending of the rib about the z axis of the 
pivot pin. The lateral mode shape is in-plane bending of the rib about the y axis. A summary of 
frequencies and a comparison between computer models for the structure is shown in Table 4. 4. 3. 2. 


Table 4.4.3. 2. Summary of Lower Frequencies 



Frequency, Hz 

Mode 

Model 1 
No HUB 

Model 2 
With HUB 

First Lateral 

7.02 

6.91 

First Torsional 

7.02 

6.97 

Second Lateral 

44.0 

43.1 

Second Torsional 

43.9 

43.7 

Third Lateral 

136 

132 

Third Torsional 

137 

137 


93 of 356 



4.4.4 


MDS Load Analysis 


Forces and torques in the MDS were calculated for antenna deployment in a face- 
down position and for deployment in a face-side position. These loads were calculated for each 
1° increment of deployment. A summary of the maximum limit loads is presented in Table 4.4.4. 
The complete load calculations are presented in Section D3.0 of Appendix D of the CDR Data 
Package. 

Table 4.4.4. Summary of Maximum Limit Loads in the MDS 
a. Face-Down Condition 


Angle a , 
Degrees 

Push Rod 
Force 
Pounds 


Ball Screw 
Force 
Pounds 

Ba! 1 Screw 
Torque 
Inch Pound 

49 

10.55 


81.49 

1.44 


74 

13.67 


4.5 ■ 

0.081 


Face-Side Condition 



• 


Angle a , 
Degrees 

Push Rod 
Force 
Pounds 

Carrier 
Moment 
In. Lbs 

Ball Screw 
Moment 
In. Lbs 

Ball Screw 
Stress 
psi 

Ball Screw 
Deflection 
Inches 

0 

16.43 

510 

319 

70,000 

0.00005 


Moments were taken about the rib pivot point. The rib weight of 0,6548 pound 
was concentrated at its CG which has a radius arm of 41 .79 inches. Reacting this moment Is 
a push rod force acting on a moment arm of a sin ( a + / 3 ). See Figure 4.4.4 for a sketch of 
the geometry. This approach is approximately two percent conservative because it excludes the 
counter-balancing effect of the carrier and push rod weights on their moment arms. 


4.4.5 Preload Requirements 

Appendix D, Section 7.0 of the CDR Data Package, shows the derivation of pre- 
load requirements at the rib midpoint and at the rib tip. 

To avoid chatter during vibration at 25 G response it is necessary to preload the rib 
midpoint with 15.84 pounds. This is accomplished by installing the rib so that it must be deflected 
1.604 inches at its tip during final assembly. 
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Figure 4.4.4. Geometry of MDS Used in Load Analysis 


4.4.6 


Stress Analysis 

Rib and Support Cone Detail Stress Analysis is included in Appendix D, Section 8.0, 
of the CDR Data Package. 


4.5 Deployment Reliability 

An analysis was performed to determine the probability of proper deployment of the 
antenna in the orbital environment. Proper deployment is herein defined as release of the ribs by 
the launch restraint system and subsequent operation of the mechanical deployment system (MDS) 
which results in a tensioning of the mesh surface to the required levels. The approach taken in 
the analysis was to evaluate the probability of the restraint system release and MDS operation 
separately, then these values were combined to yield the probability of successful deployment. 


4.5.1 MDS Analysis 

The results of tests conducted in the design and development phase of a previous 
program were used to construct a lower bound on the probability of successful operation of the 
MDS. Succinctly, the MDS was cycled 400 times, under various conditions, to determine what 
failure modes, if any, would show up. The extensive testing did not produce any failures. The 
testing can be thought of as representing 400 Bernoulli trials during which 400 successes were 
observed . 

Let 

p = probability of successful operation of the MDS on a single trial 


then the maximum likelihood estimator for p is 

X 

0 = ~ 

V 

where X = number of successes 

o 

and V = total number of trials. 

Using the results of the tests then 



which says that the best point estimate for the true probability of success p is p = 1 . A more 
revealing statistic at this point is the lower bound on the true probability of success (p). The 
arguments leading up to and development of the following lower bound can be found in 



References 1 and 2. A 95 percent Lower Bound (LB) on the parameter p is given by the 
following: 

X o 

LB = X o+ (»-X o M) F 095 (2(^-X o M), 2X o ) 

where Fq 95 (2(v = X Q + 1), 2 Xq) is a random variable with the variance ratio distribution and 
is a function of two parameters (degrees of freedom). 

Substituting in the above equation for Xq = 400 and V = 400 and using tables for 
the cumulative F distribution^ 


LB = 0.993. 

Based on the test results we are 95 percent sure that the true probability of successful operation 
of the MDS is no smaller than 0.993. 

4.5.2 Restraint Release Analysis 

The problem is one of determining the reliability associated with the deployment 
of the antenna ribs where each rib is being restrained. The ground rules are that: 

1. All 12 ribs must be pulled free. 

2. The scope of this analysis is as appears in Figure 4. 5. 2-1. 

3. All system elements exterior to this scope are assumed to function properly. 
Approach 

The approach consisted of determining the probabilities associated with the success- 
ful operation of the pair of redundant guillotines and the freeing of each of the 12 antenna ribs 
(see Figure 4. 5.2-1). 

Solution Technique 

The probability of successfully cutting the cable by means of the pair of guillotines 
is 

PG = 1-0 -pg) 2 (2) 

^Hald, A., 1952, Statistical Theory with Engineering Applications , John Wiley and Sons, 

New York 

^Brownlee, K. A., 1960, Statistical Theory and Methodology in Science and Engineering , 

John Wiley and Sons, New York 
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SCOPE OF INITIAL ANALYSIS 



Figure 4. 5. 2-1. Simplified Model for Antenna Deployment 



where pg = the probability that a single guillotine will successfully cut the cable arid PG is the 
desired probability. The values of pg used in the analysis were 


.99, conservative estimate 
0 .9999, vendor quoted estimate 

The probability that each rib would be free if the cable were cut, depends on the 
forces acting to pull each rib from the restraining mechanism. There are two components of 
force acting to free each rib - a force, due to preload and a force due to the torque motors. The 
forces due to preload and torque motors are random variables which are assumed to be normally 
distributed. This assumption is based on engineering judgement as opposed to mathematical 
convenience. It is further assumed that each of the 12 ribs is identical from a freeing and 
restraining force viewpoint. 

Let xi be the amount of force on each rib due to preload where xi is a random 
variable assumed to be normally distributed with mean p ], and standard deviation <TJ . The 
probability that the preload force will be greater than the restraining force (k) is 

Pr |x^ < k | - 1 1 - Pr < k| 
or in terms of the standard cumulative normal 



Based on design values and engineering estimates p] was determined to be 5.15 pounds and the 
three Sigma limits were ±1 .50 pounds which implies V-j = 0.5 pound. The value of k (restraint 
force) was not easily quantifiable, ergo k was treated as a parameter and allowed to range over 
0 to 200 percent of p ^ . 

The amount of freeing force (x2) acting on each rib due to the torque motors was 
assumed to be normally distributed with the mean ( P 2 “ 2.75 pounds) and standard deviation 
(p2 = 0.2750 pound) determined by design values and engineering judgement. The combined 
forces (x] + X 2 ) will act to free each rib, hence 

Pr { X 1 + x 2 k| = 1 “ Pr { x i + *2 < k| 

or in terms of the cumulative unit normal 



where x = x] + xo and is a random variable normally distributed with p = p] + po and a = 

‘ 9 2 1/? _ . 

(Vy + ^ / • Performing the indicated operation yields p = 7.90 and V = 0.5706. 

99 of 356 



Since each rib can be freed if either the preload or the combined preload plus 
torque motor force is greater than the restraining force computations were carried out to gain 
insight into the effect of restraint force on the freeing force with and without the torque motor. 
Using Equation (3) for preload force only / let 

P. =. jPr X.| > k| where P. is the probability that the freeing force on the I th rib 
will be greater than the restraint force. 

Then 18 

P = Pg .£ 1 >. (5) 

where PG is defined by Equation (2) and P is the Probability that the cable will be cut and all 
12 ribs will be released. 

When the introduction of the freeing force due to the torque motor and assuming 
.statistical independence 

| . Pr 

Hence, substituting Equation (6) for Pj in Equation (5) will yield the probability that the cable 
will be cut and all 12 ribs will be released when both the preload and torque motor force ate 
considered. 

Results 


Computations were carried out with PG = ,9999 (i.e., pg = .99) and PG = 

.999999 (i.e., pg = 9999) and for values of k = 0, 10, . ., 200 percent of p] under both the pre- 
load only and preload plus torque motor freeing force. These computations in essence involved 
the operations depicted by Equation (5). Extreme precautions were taken so as not to introduce 
round-off or truncation errors in the computations. The numerical integration of the unit normal 
density, for example, was executed using the Hewlett-Packard Calculator with 100 subdivisions 
per integration. This allowed for the computation of very small probabilities (i.e., in the tails 
of the unit normal density) which are not readily available in table form. The final results are 
shown in graphic form in Figure 4. 5. 2-2. The curves marked preload force correspond to removing 
the block titled "Force Due to Preload and Motor" from Figure 4. 5. 2-1 which in essence removes 
a redundant success path. The set of curves marked preload + torque motor force corresponds to 
the situation enclosed by the dotted region in Figure 4. 5. 2-1 . For the preload force only condi- 
tion and PG = .9999, the probability of freeing all the ribs (P) is virtually .9999 for a restraint 
force less than 50 percent of p = 5. 15. The addition of the force due to the torque motor will 
allow a k of approximately 90 percent or less to be overcome with probability = .9999. The curves 
can be used to determine the probability that a given restraint force can be overcome by the 
forces acting to free the ribs. For example, if k = 5.12 pounds (100 percent of pi) then P = 0.50 
(not shown on graph) for the preload force only but when the force due to the torque motor is 
considered, P — .9998 when PG = .9999. 


P. = 1 - Pr jx t <k 
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5.15 1.543 2.575 3.605 4.635 5.665 

Figure 4. 5. 2-2. Probability of Antenna Deployment (P) Versus Restraint Force (K) 


86297-5 
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Conclusions 


The present design with redundant guillotines and preload and torque motor forces 
acting to free the antenna ribs, possesses a probability of deploying greater than ,999. This 
conclusion assumes a priori that all other events necessary for antenna deployment will occur with 
probability one. ~ — 

4.5.3 Probability of Successful Deployment 

From the previous section, P was conservatively estimated at 0.9999 where 

P = the probability that the cable will be cut and all 12 ribs will be released. 

Combining this estimate with the results for the MDS from Paragraph 4.5.1 yields 

P = 0.9999 (0.9926) = 0.9925 

s 

Where P s is the probability of successful operation of the MDS and deployment of the antenna 
ribs. 

Conclusion 


Based on the above analyses, the probability of successful deployment of the 
antenna is estimated conservatively at 0.9925. , 
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APPLICATIONS STUDIES TASK 



5.0 APPLICATIONS STUDIES TASK 

The objective of the Applications Studies Task was to investigate the applicability 
of the 12.5-foot deployable reflector to the requirements of the Tracking and Data Relay Satellite 
(TDRS) Program. To accomplish this investigation, the following subtasks were conducted; 

• Establish baseline system parameters 

• Select and analyze two practical feed concepts 

• Perform typical link analyses 

• Establish pointing error budgets and perform servo analyses 

• Develop relationship of reflector weight and surface accuracy as a function of 
antenna diameter 


The following paragraphs describe the results of these activities. However, the applicability of 
the 12.5-foot reflector design to the TDRS Program is, undoubtedly, best demonstrated by the 
fact that the reflector design (with only slight modifications) has been cited as the selected base- 
line design by both contractors in the recently completed TDRSS Definition Phase Studies (see 
References 2 and 3 and Figure 5.0). 


5. 1 Baseline Systems Parameters Definition 

The first subtask of the Applications Studies Task was the definition of the baseline 
system parameters on the basis of NASA furnished data. This data was received and evaluated 
with respect to the antenna system. This section includes a summary of the NASA data, link 
tables, and an assessment of user satellite antenna gains required to support various data band- 
widths for a range of TDRS Ku-band and S-band sizes. 

The pertinent antenna parameters may be classified as RF or mechanical . The RF 
parameters (performance) are fixed by link analyses and required link performance. The mechan- 
ical parameters are developed from the selected pointing philosophy, required tracking accuracy, 
and TDRS and user spacecraft ephemerfs and attitude accuracies. The antenna RF parameters 
supplied by NASA are: 

• Transmit Frequency 13.4 — ►14.2 GHz 

• Receive Frequency 14.4 — ►15.35 GHz 

• Bandwidth 20 MHz 


• Receiver Sensitivity (G/T) 


>10dB,/°K (Boresight) 
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Figure 5.0. TDRS Baseline Configuration 
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• 

Effective Radiated Power 

40 dBW 

• 

Power Output 

20 wafts 

• 

Transmit Losses 

2.0 dB 

• 

Pointing Loss 

<1.0 dB 


Assuming that solid state Ku-band receivers will be used on the TDRS, the noise 
temperature will be approximately 1000°K or 30 dB/°K. The minimum antenna gain required, 
assuming 1 dB circuit losses, is therefore 41 dB and the effective radiated power is 52 dBw with 
a 20 watt RF source and 2.0 dB losses. The 42 dB gain corresponds to an antenna diameter of 
approximately 3 feet. As illustrated in Table 5.1 , a 3-foot dish provides sufficient margin to 
support a 20 Mb link to the ground. A conservative noise temperature for a ground based 
receiving system is 500°K and the 28 dB/°K. The G/T shown in Table 5.1 reflects such a 
temperature. For completeness, the links corresponding to a range of TDRS antennas are shown 
for both the TDRS ground and TDRS user satellite links in Table 5,1 , although the 3-foot 
reflector would probably be dedicated to the ground link. 

The parameter values shown in Table 5.1 represent gross estimates and this table 
is included to illustrate the difficulty of maintaining a 20 Mb link between the TDRS and the 
user sate II ites. 


The NASA supplied user satellite parameters are: 



Antenna Gain 

16 dB 


Transmitter Power 

6 dBW 


Transmitter Losses 

2 dB 


Pointing Loss 

<1.0dB 


Receiving Temperature 

30 dB/°K 


(assumed) 



Radiation's assumptions which are reflected in this table are: 

• TDRS Receiver Noise Temperature 30 dB/°K 

• User Satellite Noise Temperature 30 dB/°K 

• Ground Station Noise Temperature 27 dB/°K 
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Table 5.1. Ku-Band TDRS Link Tables 


13.5 GC V Dish Diameter 
Down-Link\Link - 

3 

Gnd 

1 

User 

6 

Gnd 

1 

User 

12* 

Gnd User 

20' 

Gnd User 

Antenna Gain (dB) 

39.5 

39.5 

45.5 

45.5 

51.5 

51.5 

56.0 

56.0 

Transmitter Power (20 watts) (dBw) 

13.0 

13.0 

13.0 

13.0 

13.0 

13.0 

13.0 

13.0 

Transmitting Circuit Losses (dB) 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Transmitter EIRP (dB) 

51.5 

51.5 

57.5 

57.5 

63.5 

63.5 

68.0 

68.0 

Space Loss (dB) 

207.26 

207.9 

207.26 

207.9 

207.26 

207.9 

207.26 

207.9 

Receiver Antenna Gain (dB) 

56.0 

16.0 

56.0 

16.0 

56.0 

16.0 

56.0 

16.0 

Receiver Temperature (dB ° K) 

27.0 

30.0 

27.0 

30.0 

27.0 

30.0 

27.0 

30.0 

Receiver Losses 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Receiver G/Ts dB/ ° K 

+28.0 

-15.0 

+28.0 

-15.0 

+28.0 

-15.0 

+28.0 

-15.0 

P/KT (dB/Hz) 

100.84 

57.2 

106.84 

63.2 

112.84 

69.2 

117.34 

73.7 

Margin 3) ZOMB and Eb/No =9.6 

+18.24 

-25.4 

+24.24 

-19.4 

+30.24 

-13.4 

+34.74 

- 8.9 

User Dish Rqd. 

41.4 d&~4' 

35.4 dB 2' 

29.4 dB 1' 


24.9-3" 

15.0 GC \ Dish Diameter 

3 


6' 

12' 

20' 

Up-Link \ Link - 

Gnd 

User 

Gnd 

User 

Gnd 

User 

Gnd 

User 

Transmitter Antenna Gain (dB) 

57.0 

17.0 

57.0 

17.0 

57.0 

17.0 

57.0 

17.0 

Transmitter Power (dBw) 

10.0 

6.0 

10.0 

6.0 

10.0 

6.0 

10.0 

6.0 

Transmitting Circuit Losses (dB) 

1.0 

3.0 

1.0 

3.0 

1.0 

3.0 

. 1.0 

3.0 

Transmitter EIRP (dBw) 

66.0 

20.0 

66.0 

20.0 

66.0 

20.0 

66.0 

20.0 

Space Loss (dB) 

208.18 

208.82 

208.18 

208.82 

208.18 

208.82 

208.18 

208.82 

Receiver Antenna Gain (dB) 

40.5 

40.5 

46.5 

46.5 

52.5 

52.5 

57.0 

57.0 

Receiver Temperature (dB ° K) 

30.0 

30.0 

30.0 

30.0 

30.0 

30.0 

30.0 

30.0 

Receiver Losses (dB) 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1 .0 

Receiver GAs (dB ° K) . 

9.5 

9.5 

15.5 

15.5 

21.5 

21.5 

26.0 

26.0 
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Table 5.1. Ku-B and TDRS Link Tables (ConHnued) 






208 dB 


• Ground Station Maximum Space 
Loss at 15 G Hz 

(Assumes 65° longitude 
separation and Wallops Island 
ground station latitude) 

• User Satellite Maximum Space 209 dB 

Loss at 15 GHz 

(Assumes 3000 mile altitude 
orbit and a 5° cutoff angle) 

_5 

• Required Bit Error Rate 10 

Because of the negative link margins for the TDRS User Satellite Links, Figure 
5.1-1 was developed to illustrate the bit rate that can be supported with the specified 16 dB 
gain user satellite antenna for a range of TDRS antenna diameters as well as the additional channel 
capacity resulting from increased user satellite antenna gain. Because the TDRS antenna system 
will support many users it is probably advantangeous to place most of the link gain requirements 
on that antenna rather than on the users. 

In a similar manner, the possible support of user satellites at S-band frequencies 
is shown parametrically in Figure 5.1-2. The user satellites are baselined with a 1 .5- foot 
dish, a 10 watt power amplifier and a 500°K noise temperature. The supportable bit rate is 
shown as the TDRS antenna diameter is increased from 3 feet to 20 feet and the user satellite 
antenna diameter is increased from 1.5 feet to 6 feet. As in the previous link analysis, the link 
parameters values represent preliminary estimates and assumptions, and the actual link tolerances 
are probably in the neighborhood of ±3 to 6 dB. The assumptions made to develop Figure 5. 1-2 
are : 


TDRS S-band Noise Temperature 

500° K (27 dB-°K) 

User Satellite S-band Noise 
Temperature 

500° K 

TDRS S-band Power Output 

40 watts 

User Satellite S-band Power Output 
(Expandable to 40 watts) 

10 watts 

Maximum User Satellite Antenna 
Diameter 

6 feet 

Required E,/N (Corresponding 
to 10~5 B!t Error Rate) 

9.6 dB 
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TDRSS ANTENNA DIAMETER (FEET) 

86689-15 

Figure 5.1-1. Supportable Bit Rate at Ku-Band as Function of Antenna Diameters 
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SUPPORTABLE B 



TDRS ANTENNA DIAMETER (FT) 


36692-14 


Figure 5.1-2. Supportable Bit Rate at S-Band as Function of Antenna Diameters 
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5.2 


RF Feed Analysis 

Two antenna Feed concepts have been selected and analyzed which are compatible 
with the established baseline parameters. Both concepts provide for dual -frequency operation, 
at Ku- and S-band, and have the following basic characteristics: 

• Compatible with 12.5-foot rib-and-mesh reflector 

• Single beam direction at a given time determined by reflector steering 

• Full duplex operation 

• Self-tracking at Ku-band 

• FVogrammed tracking at S-band 

• Circular polarization 

The analysis was extended to include dual -frequency operation with the cognizance 
of the NASA Contract Technical Officer. The decision was based on indications that this opera- 
tion is compatible with and required in the anticipated operation of the TDRS. 

The basic characteristics indicated for the selected feed concepts are based on the 
baseline parameters and other constraints. Although some effort is being expended by NASA to 
develop feed/reflector concepts which allow multiple frequency, multiple beam and tracking 
operations simultaneously in a single dish, concepts of this nature were beyond the scope of this 
program. Hence, only concepts which allow boresight beams and steering by movements of the 
dish are considered. Full duplex operation, simultaneously receiving and transmitting in the 
antenna, can be obtained by, 

a. Transmitting and receiving in either one of the bands 

b. Transmitting in one band and receiving in the other 

In most cases, effective use of the latter is obtained only when transmission occurs at S-band 
frequencies and reception at Ku-band. This allows the naiTow Ku-band beam to be utilized for 
tracking. 

The tracking requirement of a 12. 5-foot antenna is fundamentally a function of the 
frequency of operation and the attendant beam width. At S-band frequencies the half-power 
beam width is relatively large at approximately 2.5 ; therefore, a programmed tracking mode is 
accurate and reliable enough and probably cost-effective for this band. On the other hand, the 
3 dB beam width for the Ku-bond frequencies is on the order of 0.4° indicating the probable 
need for self-tracking for the Ku-band. Consequently, concepts having these tracking character- 
istics have been selected. 
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Possible applicable self-tracking schemes include analog and digital monopulse 
implementations and step-track implementations. Both schemes are used in the two concepts 
presented in this section. 

Inasmuch as all requirements for the TDRS system are not fully defined at this time, 
the two concepts selected for analysis cannot be considered optimum configurations. They are, 
however, important candidate types meeting the requirements as known and therefore allow 
meaningful modeling of the system for performance of the overall applications study and in par- 
ticular, the pointing study task. In addition, the two concepts offer enough contrast to give 
insight over a relatively broad range of variation in operational requirements of the system. For 
example, the concepts allow for programmed, monopulse, and step tracking, and right- and 
left-hand circular polarization are available including like and orthogonal polarization for the 
receive and transmit signals of a given band. The concepts employ up-to-date, yet proven, 
techniques for obtaining the required performance for the TDRS antenna. 

In the following paragraphs full descriptions of the two selected feed concepts are 
presented along with analytical projections of gain and efficiency budgets for eaqh. 

5.2.1 Monopulse Tracking Cassegrain Ku -Band/ Programmed Tracking Apex S-Band Feed 

A dual frequency feed concept is described in this paragraph employing pseudo- 
monopulse tracking Cassegrain Ku-band and programmed-tracking apex S-band implementations. 

A frequency sensitive dichroic lens subreflector is used in the configuration. The feed is con- 
figured to mate with a 12.5-foot rib-and-mesh reflector. 

Description 

The feed system consists of the components shown in the block diagram. Figure 
5. 2. 1-1, and the sketch of the feed layout. Figure 5. 2. 1-2. These include an apex-mounted 
S-band cupped helix antenna which illuminates the 12.5-foot reflector through a frequency- 
sensitive or dichroic subreflector. The dichroic subreflector operates in the transmissive mode at 
the S-band frequencies and reflective mode at Ku-band frequencies. The cupped helix provides 
either right- or left-hand circular polarization for both transmit and receive channels depending 
on the winding direction of the helix. A low-loss cable interconnects the cupped helix and 
diplexer required for separating the receive and transmit channels. The received signals are 
amplified in a preamplifier, probably a tunnel diode or uncooled preamp. Both S-band channels 
are transmitted through rotary joints on the x-y mount. In the system four identical noncontacting, 
rotary joints are used, each having a center section of circular waveguide choke-flange coupled 
through the joint. The S-band channel is concentric to the circular waveguide. The design pro- 
vides separation of the transmit and receive channels to opposite sides of the gimbal system to 
maintain good isolation. 

The dichroic lens or subreflector is an important component in the concept. This 
type of subreflector has been developed and demonstrated by test on several programs to exhibit 
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(A) MICROWAVE SUBSYSTEM BLOCK DIAGRAM 
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(B) ADDITIONAL COMPONENTS REQUIRED 


. Tracking Cassegrain Ku-Band, Nontracking Apex S-Band Feed 
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Figure 5 . 2 . 1-1 
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Figure 5.2. 1-2. Tracking Cassegrain Ku-Band, Nontracking Apex S-Band Feed La/out 


no greater than 0.3 dB loss in the reflective band (Ku-band) and less than 0.1 dB loss in the 
transmissive band (S-band). The design is amenable to subreflector shaping (as opposed to 
maintaining a conventional hyperboloid) to achieve greater spillover/amplitude taper (n 
efficiency. Spillover/amplitude taper efficiencies in excess of 80 percent have been measured 
with this technique. 

The Ku-band system features the 13-wavelength diameter, dichroic, shaped sub- 
reflector mentioned above and a single channel (pseudomonopulse) tracking waveguide circuit 
in which the received sum channel is modulated sequentially by the x- and y-axis error signals 
via an electronic scanner. The error signals are subsequently demodulated at the receiver and 
used for pointing the antenna. 

As shown in the block diagram, the transmit signal is coupled through the rotary 
joints to a power splitter and then to orthomode transducers (duplexers) which serve to maintain 
about 20 dB isolation between the transmit and receive signals presented to the comparator. This 
isolation mainly results from the orthogonality of the two polarizations of the receive and trans- 
mit signals. An additional 80 to 100 dB of Isolation can be provided in the bandstop filter located 
ahead of the preamplifier. The transmit signals are properly polarized, that is right- or left- 
hand circular, and then presented to the four-part choked, or corrugated,, horn feed. 

The received signals present in the four channels are passed through the polarizers 
and diplexers and presented to the comparator. The comparator develops a sum channel comprised 
of the sum of the four received signals, and two difference channels corresponding to the differ- 
ence between the signals in the x and y directions. The scanner sequentially gates the differ- 
ence channels onto the sum channel via the coupler which consequently modulates the sum 
channel by the error, or difference, signal. After bandpass filtering the modulated received 
signal is amplified in a preamplifier, typically a parametric amplifier, and presented at the 
output connector through the rotary joints. 

Several variations on this general concept are possible. For example, the pre- 
amplifier may not be necessary in the final configuration, the rotary joints may be replaced by 
flexible cables especially at S-band frequencies, full monopulse requiring three channels with 
three receivers may be used instead oF the pseudomonopulse, and only two up-down channels 
(one at S-band and one at Ku-band) may be desired with the result that the duplexers and 
diplexers may be deleted from the diagram. However, the configuration presented is a likely 
candidate and will be analyzed in the following section. 

Gain and Efficiency Budgets 

In Table 5.2.1 budgets for both S-band and Ku-band receive and transmit 
channel gain and efficiency are presented. The values presented include all elements of the 
antenna including the rotary joints for the x-y gimbal. 
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Table 5.2.1 



S-Band 

Ku-8and 

Efficiency Factors 

Rec 

Xmi t 

Rec 

Xmi t 

Spi 1 lover/Ampli tude Taper Efficiency 

.650 

.650 

.800 

.800 

Primary Phase Efficiency 

.970 

.970 

.980 

.980 

Blockage Efficiency 

.957 

.957 

.981 

.981 

Primary Cross-Polarization Efficiency 

.998 

.998 

.990 

.990 

Secondary Cross-Polarization Efficiency 

.978 

.978 

.999 

.999 

Dichroic Loss Efficiency 

.980 

.980 

.940 

.940 

A. Illumination Efficiency 

.577 

.577 

.715 

.715 

Surface Tolerance Efficiency 

.999 

.999 

.870 

.870 

RF Reflectivity 

.995 

.995 

.980 

.980 

B. Reflector Efficiency 

.994 

.994 

.853 

.853 

Horn and Polarizer Loss Efficiency 



.978 

.978 

Diplexer Loss Efficiency 

— 

-- 

.994 

.994 

Four-Way Power Divider Loss Efficiency 

-- 

' 


.985 

Comparator Loss Efficiency 

— 


.982 


Coupler Loss Efficiency 

— — 


.937 


Bandpass Filter Loss Efficiency 

-- 

■ *■ — 

.966 


Rotary Joint Loss Efficiency 

— 

.978 

“ ”■ 

.955 

Waveguide Loss Efficiency 


- - 

.946 

.995 

Diplexer Loss Efficiency 

.933 

.933 

— “ 

*“ ” 

Coaxial Cable Loss Efficiency 

.938 

.938 

“ — 

■“ ” 

Cupped Helix Feed Loss Efficiency 

.995 

.995 


“ — 

Mismatch and Axial Ratio Loss Efficiency 

.970 

.970 

.978 

.978 

C . Loss Efficiency 

.845 

.826 

.799 

.890 

Overall Efficiency (A x B x C) 

.485 

.474 

.487 

.542 

Midband Gain (dB) 

35.2 

I 

52.3 

52.1 

Half-Power Beam Width (Degrees) 

2.64 

2.42 

0.36 

0.39 
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5.2.2 


Nested Ku-Band and S-Band Apex Feed 


A dual frequency feed concept 5s described in this section employing apex- 
mounted Ku-band and S-^band nested feeds. Single channels are implemented for both bands. 

The feed is configured to mate with a 1 2.5-foot rib- and mesh-reflector. 

Description 

The feed system consists of the components shown in the block diagram of Figure 
5. 2. 2-1 and the sketch of the feed layout. Figure 5. 2. 2-2. The Ku-band horn is mounted 
within the S-band coaxial-cavity feed at the apex. The four ports of the S-band feed are 
phased and summed in a hybrid and balun network to provide a single channel which may be 
right- or left-hand circular polarized. A diplexer separates the received signal from the trans- 
mitted signal allowing a preamplifier to be placed in the receive channel ahead of the long 
coaxial cable run and the rotary joints. The transmitted signal is also passed through the rotary 
joints and low-loss coaxial cable. The rotary joints for this concept are identical to those 
described for the other feed concept. 

The Ku-band system is similarly configured, A choked horn and polarizer is 
connected to a waveguide diplexer where the transmit and receive signals are separated. Right- 
or left-hand polarization may be obtained. A preamplifier is provided ahead of the rotary joints 
and waveguide runs. 

It is intended in this concept that self-tracking in the Ku-band be accomplished 
through the use of a step-tracking technique. Such a technique has been extensively studied 
at Radiation and utilized in ground antenna systems. The technique consists basically of sens- 
ing the change in received signal amplitude which occurs when the antenna Is steered in small 
increments, both in the x and y direction, and developing the necessary tracking signals. 
Stepping algorithms can be developed for maximizing the tracking capability under the expected 
operational constraints. 

Several variations on this basic configuration are also possible. Orthogonal trans- 
mit and receive polarizations may be obtained at Ku-band by providing a waveguide duplexer 
at the output of the horn and polarizer, and at S-band by simply taking both polarizations from 
the 3-dB hybrid instead of terminating the unused one. However, this involves doubling the 
number of cables and waveguide leading to the feed, therefore, increasing the feed blockage 
losses. The preamplifier may not be necessary in the final configuration and the rotary joints 
may possibly be replaced by flexible cables. The configuration described above will be con- 
sidered in the following section where its gain and efficiency budgets are presented. 

Gain and Efficiency Budgets 

Table 5.2.2 presents a tabulation of the gain efficiency budgets for the nested 
Ku- and 5-band apex feed system described above. The performance of the transmit and receive 
channels for both frequency bands is detailed. 


118 of 356 



119 of 356 



(A) MICROWAVE SUBSYSTEM BLOCK DIAGRAM 



(B) ADDITIONAL COMPONENTS REQUIRED 


Figure 5. 2. 2-1 . Nested Ku- and S-Band Apex Feed 












Table 5.2.2 


Efficiency Factor 

S-Bond 

Ku-Band 

Rec 

Xmit 

Rec 

X m i 1 

Spillover/Amplitude Taper Efficiency 

.680 

.680 

.620 

.620 

Primary Phase Efficiency 

.970 

.970 

.970 

.970 

Blockage Efficiency 

.957 

.957 

.957 

.957 

Primary Cross-Polarization Efficiency 

.998 

.998 

.998 

.998 

Secondary Cross-Polarization Efficiency. 

.978 

.978 

.978 

.978 

A. Illumination Efficiency 

.616 

.616 

.562 

.562 

Surface Tolerance Efficiency 

.999 

.999 

.870 

.870 

RF Reflectivity 

.995 

.995 

.980 

.980 

B. Reflector Efficiency 

.994 

.994 

.853 

.853 

Feed Loss Efficiency 

.991 

.991 

.995 

.995 

Diplexer Loss Efficiency 

.933 

.933 

‘ .985 

.985 

Waveguide Loss Efficiency 

— 


.940 

.940 

Coaxial Cable Loss Efficiency 

.938 

.938 

— 

— 

Rotary Joint Loss Efficiency 

— 

.978 

— 

. .955 

Phasing Network Loss Efficiency 

.912 

.912 

.990 

.990 

Mismatch and Axial Ratio Loss Efficiency 

.960 

.960 

. .978 

.978 

C . Loss Efficiency 

.759 

_ 

.743 

.892 

■ .852 
« 

Overall Efficiency (A x B x C) 

, 465 

.455 

.428 

.408 

Midband Gain (dB) 

35.0 

35.7 

51.7 

50.8 

Half-Power Beamwidth (degrees) 

2.64 

2.42 

0.37 

0.40 
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Figure 5. 2. 2-2. Nested Ku- and S-Band Apex Feed Layout 


5.3 


Pointing Mechanism Study 


This section describes a candidate gimbal design approach for a dual-frequency, - t 
dual-tracking, S- and Ku-band antenna system. The dual Frequency system utilizes a 12.5-foot 
diameter antenna with open loop (or program) tracking in S-band and closed loop (pseudomono- 
pulse) fracking in Ku-band. The gimbal design utilizes the TDRS location and ephemeris patterns 
to minimize the "keyhole" problem and thus simplify the design. The design requirements and 
the candidate design and its associated control and torquing devices are described in the follow- 
ing paragraphs. 

5.3.1 Design Performance Considerations 

5. 3. 1.1 Viewing Angle Requirements 

Figure 5.3.1 .1 shows the kinematic information relating to the TDRS performance. 

The maximum viewing angle at 10,000 km (5400 nmi) is 24° from nadir and represents a total 
field of view cone of 48°. An x-y gimbal configuration, with the axes of rotation at right 
angles to one another and to the nominal LOS, is preferred for these viewing requirements. 

Such an x-y mount totally eliminates the "keyhole" problem and does not require unlimited angu- 
lar freedom. This is an important feature since it eliminates the requirement for slip rings to 
provide gimbal control signals and power on the outer gimbal on the antenna. 

5. 3. 1.2 Antenna Rates 

The basic angular rates linking the TDRS to the user spacecraft are low (on the order 
• of 0.75 radian per hour). Conditions which can increase these rates are slewing and improper 
choice of the gimbal configuration. Slewing is required when the antenna must sign off one 
satellite and acquire another. Since the minimum potential communication time to a user satel- 
lite is approximately 37 minutes, rapid slewing is not of great importance. A reasonable slew 
rate is about 0.1 radian per second. This rate allows the entire field of view to be scanned in 
10 seconds. 

An unknown in the determination of the maximum drive rates is the angular motion 
of the TDRS spacecraft and the deflections in the antenna support structure. These rates are 
assumed to be less than the 0.1 radian per second allowed for slewing. 

5. 3. 1.3 Antenna Accelerations 

An evaluation of the antenna accelerations and their effects was made based on an 
antenna inertia of 1.5 feet/pound/second^ and a peak acceleration during slewofO.l radian/second 
These values yield a peak torque requirement of 0.15 foot/ pound or 1 .8 inches/ pound. Coulomb 
friction is estimated to add 1 .0 ?nch/pound to this torque requirement. The inertial torque 
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ALTITUDE IN KILOMETERS 



ANGLES IN DEGREES FROM NADIR 



MAXIMUM ANGULAR RATE RADIANS/HOUR 



MAXIMUM ANGULAR ACCELERATION RADIANS/HR 2 


87882-15 


Figure 5. 3. 1.1. Tracking Data Relay Satellite Kinematic Information 
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should have negligible effect on support structure bending. This is significant in that support 
structure bending is therefore almost exclusively a function of the spacecraft motion. 

5.3. 1.4 Drive Requirements 

The gimbal drive requirements were based on the following parameters: 

Maximum Torque: 2.5 inches/pound 

Maximum Velocity: 0.1 radian/second 

The use of a gear train is favored for this combination of torque and speedy The 
drive may be provided by a dc motor, an ac motor, or a stepper motor. The characteristics of 
these approaches are shown in Table 5.3,1 .4. 


Table 5. 3. 1.4. Candidate Drive System Characteristics 
(Requirements are Per Axis for Nonredundant System) 


Parameter 

DC Motor 

AC Motor 

Stepper 


Power 

5 

5 

10 

Watts 

Weight 





Motor 

2.3 



Ounces 

Tach 

2.3 

2.0 

3.0 

Ounces 

Gear Train 

4.0 

7.0 

6.0 

Ounces 

Total 

8.6 

9.0 

9.0 

Ounces 

Gear Ratio 

40:1 

4500:1 

1500:1 




The life of the motor brushes in the dc motor and the fife of the ac motor and 
stepper motor gear train are, on the order of 5 years in currently available hardware (from firms 
making space qualified hardware). Since if is entirely likely that a failure may occur in this 
time span, redundancy should be given some consideration. The prime wear points on the dc 
motor are the brushes, and any rotation of the motor causes wear, even if the motor is not oper 
ating. A method of achieving redundancy in any of these configurations is a differential gear 
and brake arrangement. 
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5. 3. 1.5 


Antenna Pointing 


I 


The antenna must be pointed prior to acquisition. The transmission 3a pointing 
requirements for a 6.5-foot diameter dish are 0.33° at 15 GHz. The acquisition 3a pointing 
requirements are somewhat wider at 0.5°. In order to point the antenna within the accuracy 
requirements, errors such as TDRSS position and attitude uncertainty, user satellite position 
uncertainty, and support structure deflection must be held under strict control. Providing these 
errors can be held to less than the pointing requirement, then some form of angular position 
transducer may be used to point the antenna. 

Potentiometers, synchros, shaft encoders, and stepper motors may be used to perform 
this function. Potentiometers are easily implemented, however, wear characteristics limit their 
useful life to about two years in this application. Also, the angular accuracy of potentiometer 
systems is limited to about 0.3° (l<x). Synchros offer good accuracy and wear is limited to low 
power slip rings. The primary disadvantage of synchro systems is the electronic complexity 
required for digital -to-synchro conversion. 

Optical encoders are currently the most accurate shaft position transducers and 
have no mechanical wear problem. The primary problem with optical encoders is light source 
life and, in general, the light source must be turned off when the antenna is not in a pointing 
mode. In this way, it is possible to achieve a useful life of 5 years. Stepper motors may be 
used to point antennas in that each step is angularly precise. The design used for the drive 
requirements portion of this section has a step size of 0.03° while maintaining a slew rate capa- 
bility of greater than 6 per second. The disadvantages of stepper motors is their poor efficiency 
and interaction with structural resonance which exist in the zero to 200 pulse per second stepping 
range. 

5.3. 1 .6 Unaided Acquisition 

The normalized receiving and tracking gain curves for candidate antennas are shown 
in Figure 5. 3. 1.6. This figure shows that the acquisition beam width is about 30 percent wider 
than the 3 dB receiving beam width. The pointing requirements for the antenna are shown in 
Table 5.3. 1 .6^-1 . The acquisition half angle is the peak error which may occur. It should be 
noted that a 2 TDRSS attitude uncertainty will not be adequate for this approach, A TDRSS 
attitude uncertainty of 0. 1° peak will allow the system to be pointed accurately with a budget of 
0.182° for a 12-foot dish. 


Table 5.3. 1 .6-1 . Dish and Pointing Parameters 


12-Foot Dish 

Gain 

53 dB 15 GHz 

3 dB Beam Width 

0.32° 

Acquisition Half Angle 

0.208° 
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RECEIVING 


TRACKING 



Figure 5. 3. 1.6. Normalized Receiving and Acquisition Curves 
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A candidate budget for the 12-foot dish pointing system would be: 


User Uncertainty 

TDRSS Position Uncertainty 

Antenna Deflections and Servo 


0.10 (Ephemeris) 


0.05 


0. 14 


RSS 0.182° 

Total servo uncertainties can be held to 0.086 (peak) with a 13-bit encoder or a synchro with 
5 minutes (peak) error. Both of these devices are well within the state-of-the-art with the 
synchro having the edge for long life space use. 


A remaining consideration is the control power necessary for the 12-foot dish. 
True, the inertia of the antenna approximates between the square and the cube of the diameter, 
however, the inertia loads are insignificant at the angular rates considered for the TDRSS as 
shown in Tables 5.3.1 ,6-2 and 5.3,1 .6-3. It should also be kept in mind that the frictional 
loads on the antenna system are on the order of 5 to 10 ounces/inch. 


Table 5.3, 1 .6-2, TDRSS Operation 


Orbital Altitude 

_ i 

100 nmi 

250 nmi 

500 nmi 

TDRSS Viewing Angle 

17.86° 

18.60° 

19.90° 

TDRSS Acquisition Angle 

8.82° 

8.93° 

9.03° 

Single TDRSS Availability 

48.5% 

54.0% 

58.4% 

Maximum TDRSS Rate 

0.006 26 °/sec 

0.00618°/sec 

0.00567°/sec 

Approximate Maximum Acceleration 

/O n 

5.85 x 10 /sec 

2 

5.15 x 10 /sec 

-6° 

4.64x10 / sec 


Table 5.3. 1 .6-3. Antenna Torque Loads 

12-Foot Dish 

2 

Inertia 1 100 oz/in/sec 

_7 2 

10 radians/ sec 


Acceleration 



S-Band Aided Acquisition 

A second method of acquisition using S-band in place of the Ku-band for acquisition 
has good overall qualities as shown in Table 5.3.] .6-4. 


Table 5.3.1 .6-4. S-Band Dish and Pointing Parameters 

12-Foot Dish 

Gain 37.4 dB 

3 dB Beam Width 1.92° 2.5 GHz 

Acquisition Half Angle 1.25° 

The 12-foot antenna requires TDRSS uncertainties on the order of 1° and defocusing will be 
required to broaden the acquisition half angle to greater than 2.25 . This defocusing is easily 
accomplished at the 37.4 dB gain level . 


5.3,2 Description of Candidate Design 

One candidate design for the TDRSS antenna is a stepper motor (such as Kearfott 
or MPC) in a braked differential configuration. This approach offers minimum electronic com- 
plexity at the expense of increased power. Figures 5. 3.2-1 through 5. 3. 2-4 show block diagrams 
for both the servo approach and the stepper motor (open loop) approach. Figure 5. 3. 2-5 shows 
the proposed x-y gimbal configuration. If the stepper motor is used redundantly in this configu- 
ration, an overall weight for the gimbal structure of 6 pounds ?s projected. 

An accompanying dual redundant electronics package is required to provide the 
necessary drive and is preferably mounted back on the spacecraft proper. The weight of this unit 
is approximately 7.5 pounds. The unit controls both the x and y axes. 

The power for the stepper motor approach is 8 watts to drive each motor, 4 watts to,, 
release the differential brake, and 4 watts dissipation in the electronics. This results in a total 
power requirement of 24 watts. 

The slewing requirements of the antenna introduce a maximum momentum transfer 
to the spacecraft of 0.15 foot/pound/second for a maximum of 10 seconds (at which time a can- 
celling momentum impulse occurs). In a passive spacecraft with a moment of inertia of 230 
feet/pound/second^ this represents an angular offset of 0,3°. 

The stepper motor approach allows the antenna to be stopped and effectively braked 
when the power ?s removed from the drive mechanism. 
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POSITION 

TRANSDUCER 


S ] - PSEUDOMONOPULSE ERROR SIGNAL 87882-17 


Figure 5. 3. 2-1 . Block Diagram for Antenna Servo in the Tracking Mode 
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s 9 = EXTERNALLY GENERATED POINTING 
1 COMMAND 87882-18 


Figure 5.3. 2-2. Block Diagram For Antenna Servo in the Pointing Mode 
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Figure 5. 3.2-2. Block Diagram for Stepper Motor in Tracking Mode 
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$ 2 = EXTERNALLY GENERATED POINTING COMMAND 

87882-20 


Figure 5. 3. 2-4. Block Diagram for Stepper Motor in Pointing Mode 
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Reflector Weight and Surface Accuracy 

Based on the measured results achieved on the present program, weight and surface 
error values were developed for reflectors from six (6) to thirty (30) feet in diameter. 

Figure 5.4-1 presents rms surface error as a function of reflector diameter for 
reflectors up to 30 feet in diameter. The surface error values shown represent the total rms surface 
error for the orbital condition. These values are based on analyses of the thermal and gravity 
associated errors and an extrapolation of the manufacturing error based on rib stiffness, mesh 
stiffness, and number of ribs. 

Figure 5.4-2 presents weight as a function of reflector diameter for the double mesh 
design. The weight values shown represent an extrapolation of the present 12.5-foot diameter 
design to the larger and smaller diameters. 
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SURFACE ERROR, INCHES RMS 



Figure 5.4-1 . Orbital RMS Surface Error as a Function of Reflector Diameter 
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Figure 5.4-2. Antenna Weigh) 1 {Excluding Feed) as a 
Function of Reflector Diameter 
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SECTION 6.0 


CONCLUSIONS AND RECOMMENDATIONS 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

This program has demonstrated that the "rib-dominated" rib-and-mesh deployable 
reflector design concept Isa viable approach for mission applications requiring deployable 
reflectors. The "double mesh" technique allows the achievement of surface accuracies con- 
sistent with Ku-band operation with lightweight (previous technology would have resulted in 
a reflector weight of no less than twice that achieved). 

The test program conducted (RF, deployment, surface accuracy, and vibration) 
has resulted in a nearly "flight-qualified" design. The solar-thermal -vacuum tests planned by 
NASA after the reflector delivery will essentially complete the qualification. The high stiffness 
exhibited by the design in both the stowed and deployed conditions allows users to procure the 
reflector as a component, thereby reducing both analysis and test costs on applicable programs. 
The applicability of the design is demonstrated by its selection as the baseline design by both 
contractors in the recently completed TDRSS Definition Phase Studies (see References 2 and 3) 
and Figure 6.0. 
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Figure 6.0. TDRS Baseline Configuration 
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141 of 356 



INDEX OF ENGINEERING DRAWINGS 


Drawing Number 

Title 


Page 

No 

• 

615283 

AAFE Antenna Assy 

(3 Sheets) 

145 

of 

356 

615284 

MDS Assy 

(3 Sheets) 

148 

of 

356 

615216 

Hub 

(4 Sheets) 

151 

of 

356 

615277 

Pivot Arm 


155 

of 

356 

308389 

Shaft, Pivot 


156 

of 

356 

308391 

Clamp, Pivot Shaft 


157 

of 

356 

308396 

Washer 


158 

of 

356 

615217 

Cone, Supt - Top Bearing 


159 

of 

356 

421193 

Pad 


160 

of 

356 

534381 

Top Bearing Plate 


161 

of 

356 

308384 

Shim, Take-Up Shaft 


. 162 

of 

356 

308383 

Shaft, Take-Up Drum 


163 

of 

356 

534090 

Drum, Take-Up 


164 

of 

356 

534091 

Drum, Output 


165 

of 

356 

534066 

Ballscrew & Nut Assy 


166 

of 

356 

615287 

Carrier 

(2 Sheets) 

167 

of 

356 

421220 

Brkt, Anti-Torque 


169 

of 

356 

421221 

Clevis, Carrier 


170 

of 

356 

534385 

Compression Rod Assy 


171 

of 

356 

421196 

Tube 


172 

of 

356 

308393 

Nut, Locking 


173 

of 

356 

308397 

Screw 


174 

of 

356 

308395 

Retainer 


175 

of 

356 

308388 

Rod End 


176 

of 

356 

308390 

Shaft, Rod End 


177 

of 

356 

421 236 

Stop, Lower 


178 

of 

356 


142 of 356 



INDEX OF ENGINEERING DRAWINGS (Continued) 


Drawing Number 

Title • 


I'.-l! 

No. 

421189 

Lower Bearing Supt 


L 7 9 

of 356 

308386 

Tube Lower Supt 


180 

of 356 

421191 

Pad, Lower Supt 


181 

of 356 

421188 

Lower Supt 


182 

of 356 

308398 

Shim, Anti -Torque Tube 


183 

of 356 

421186 

Tube, Anti -Torque 


184 

of 356 

308373 

Shaft, Anti -Torque 


■ 185 

of 356 

421185 

Brkt, Switch 


186 

of 356 

615285 

Cone & Ogive Assy 

(2 Sheets) 

187 

of 356 

615133 

Cone Assy 


189 

of 356 

615279 

Ogive & Top Restraint Ring Assy 

(2 Sheets) 

190 

of 356 

615278 

Ring, Top Restraint 


192 

of 356 

421190 

Collar 


193 

of 356 

615215 

Hoop-Spar Assy 


194 

of 356 

420820 

Socket 


195 

of 356 

420819 

Pad 


1 196 

of 356 

308387 

Ferrule 


197 

of 356 

308372 

Spring 


198 

of 356 

308371 

Clamp, Pyro 


199 

of 356 

421194 

Support, Pyro 


200 

of 356 

421187 

Clevis, Anti-Torque 


201 

of 356 

615274 

Rib 


202 

of 356 

354379 

Rib Tip Restraint 


203 

of 356 

308354 

Pin - Midpoint 


204 

of 356 

308392 

Nut - Midpoint 


205 

of 356 

308394 

Sleeve, Midpoint 


206 

of 356. 

420847 

Supt, Midpoint 


207 

of 356, 


143 of 336 



Drawing Number 
308369 
308370 
308611 
309061 
309059 
309062 


INDEX OF ENGINEERING DRAWINGS (Continued) 

Title 

Stand-Off 
Washer, Standoff 
Washer, Tie 
Standoff 
Tee 

Standoff, Tee 


Page No. 

208 of 356 

209 of 356 

210 of 356 

211 of 356 

212 of 356 

213 of 356 


144 of 356 






) 













y mth ] 

QTEU 6)>SEE RAD.- 
* fliycrajspec.7905 


■SEE RAD-- 
SPEC.7905 


55 vsisjja ut, 

n pngs 

62 421226*1 
£A 4?±32b t j 
60 30(9^6^ 

5fl ns^Q60*4a>7/ 
57 usuoas cz* I 

56 

55 »*3*tQ*3 Ci 
S4 V3ZIQ3JCJ 

5J 

§5 WSJ5JA3 
5T w-ast^o-a 
50 HASieo-t 
49 MASiZO-* 

$8 HA4AZO-J 

47 vs >t99s-zr 
46 vsjszjt-u 

45 VS H99S-rS 
44 »tSi*993-H 


[SCREW, SCC- HQ. ' a P' V^Qa s 
~SCfiEift. S0C HU X -I *0* i 

rtoCTITE mTI-S-S j4 73rflB 

WASHER l j-r.K riC 

Ic u ^s_ ANTiJfA .M7EZ1 

BRkTanTI - ! 7 )ti 

CLEVIS CARhIC t ~ 

WAS 

-'l'JT LCCkW g 4 0. 4 ’40 
RIVET BL i:!0 Vw OU 
Alt/ LZC Rli-g A. 


/vyr t zomEL " ZjQtM. 

V/aShER-1 OCK no. 4 
WASHER - LOCK NO. 2 

WAShER -F t AT ' ' HQ~-& 

f NO . A 

washer- pur — *§'£ 

SCREW SOC M CAP **.* 
SCFEW PAN HO * u - k 

SCREW 5oC Uv Z&P A-u-K 



\p ET£ >.ER R:ftC _ 
RETAHiFR^RifPr^ 
RETAINER RING 

ACTUA TOR 

SWITCH 

BEARING 

BEARING 

BEARING 

SPRING MOTOR ~ 
DRIVE X’OTQP ~~ 
ASHFSiVE ' 
Taftr.J _AGt-T r^?i 
bracket - S//: fc- 
shaft-anti- torg a 
clevis- a: m- T op cl 
JJ 2BE - anti- rC/RUot- 

SHIM - ANTI - Tj&GuE 


148 of 356 


9UI7 








IWoiJT jKxsnr / 








/>® 


vor- . 

/ - k-j.?' :- 

'X • SC' - '• 

SP£C 5 
B> APPLY i 

before 

Bp- ALIGN 

PIVOT A 

as ten 

g>* align l 
WITH tc 
BALLSC - 

lower 

lower 

LOWER 

g> PURCHA- 
CHlCAG l 

g> PURCHA 
HATFIEL 


g>- PUPCHA 
OANBUE 
g> POPCHJ 
FPEEPG- 


gj>- fvffsr 

p£> AFTER 
TORQUE 
S TURN- 

u. ALL TOE 
AND TOL 
IN. LB V. 

B> MATERIA 


SpR-A.- 


g> 5 > 


$01 A g> 


E£=»-*» 

SECTION Jb-Jb 
SCALE 2-t 


M® L ®S© V 'S> 

abf *» I 




149 of 356 

6!5Zm> -Z 


































CIS&77 














■ lllllUMM&lftl 

























TO UME B»B VMM, ROCACflELL 
C ULR.ONE'VS i 

T BM.LSCB.ETJ TUR.ELDS , VI UT TUREM3S, 
fr BM-L RETURWS TO BE. LUBOICKTED 
II) S.CC.OB.DMJCE. '*11 TV-4 OWGt BOlColl 


MOTES: 

|. MURK »4H - SS40E.GGil P£B 1ML-STD-1V 

(TMS) 

2 . 6U.VE.CREW TURE.VOS TO BE CLOSE 
CONFORMITY GROUND ■ 

3. DOUBLE UUT *SSY TO BE PRE - 
LOfcOED TO IS LB. 



1 UUT DiL IAS /«,=1B4 
1. FLLUEE OIL 'WLS 1-SB 
i-K D'.v ms icso 

4 C=_£T=3 .StO-.Si=» DlV a:U£ , PU J. 
LBEOC.UCEO D'»AS - 


B \ £.f.f. jii-7 j 

-i 7 . *223 2 ir>. /MAS . 2 so 
-3 2. .323 MS . 7&2 

-f J. to. 0*3 Ptf. MAS 3^33 Pet. 





















UOTES: 

L MARK - 


po 




Qj.iai-w o^auoLt^ t 

UWIS& : « 


brwu: il. w.r iSii-Tj, 9 *d 

fc>W)ISH' cutw Cilia 359 

«W W«I tTP£ 1, iOkDftl, 

^.WlCumi FROM SL&vriC VTOP 

uui tw 

§£» PuacuMt M OW ue*c.Ek-i_ corp 


-EC ■*.** 1 . 

-±-«-h. -Vkow tl at me 


fc.PURCuki£ Foa 

COBB j 


UkTIOUkl. 9kCM0 


■Ofc4 Ok. 4 UOLES £0 — 
W kPPROK 4*, *uO*JU \ 
IU UOUSIUC. ITEM I \ 
4FT60 BOUClUO. \ 


IUU 

.«« f |7 


X BOJO IU kRCCBOkUCS. «7U PQOCE'SS 

SEt C Bi 1 S* 1 ? lll,kl ' EWT kOoSOVtS 

fl. CUlMCCiL UltUviQ HkY M i | ^P T-t 
TO fcCW£V£ .Oji TUK YJkLl.4 QU 
nw i t- i; 

core to K »c once. 
OOUVIRUCTIOkl . 

ta kLL B0UOED «.iinC4'ES TO “S 

PR6P4BSQ lu >"=aO«.UCE wTH 
PROCESS EPiC V'ol 

o. MX) -OO- ,oi 'b u*k film rsf toutEive 
‘TUB < t! TO ktk. lUTtRIOR. 
ailWKCE^ ©T luOUHUC b- COYER 
HWT I 2 To ViEuO £ COBS. 
•JDUE^lOW TO;ku. 1URBk.Ce.9- 

0. Botin COVER item t, 1UTO UOUEIUG 
mM | UHU9t VOUBIIV £ ITEHl 
*H0U kAU. HkTlU©, 4URF*.CE.B 

tv Turn os hoc titiki <* 4. t to 

mts OB M>“»EW6 VTEME 


\ ^Sk\ IBlE Oik 


or PTH rrml 


flf&Jl .»o 

fl 


Mlo tool 

TYP 



■-OOS # MAX 
TV? j 


wd; 


A% U*Jk 

DMPTU fTEH X ' 


TO35TOP FRAME / 


! -WO Rtf 


) 3J*9 tool oik nwu 

ITM 1 - .1*1 Ok THRU 

ITEM l J* ua.EE) 


{*} SO% toot oik THRU 
item t - .ini cut thru 

ITEM l ( * UOLAS) 


OtfiKfi s w 


E A. wcm-tkko-rf uut. press Z vx~ 
Hi J° URl-C v .12 V.T C4PTIVC 

K* » moivooT cup. via useut ^esiu 
Sr T~ mTg^S-coi xc^cvive 1 ■- 



""' 167 of 356 






6.IS287 











(£>coue it** i , covie of uoop 

IT4M * a- .IT* O'*. UOL& IU 
COU1 iTfiM 1 TO &S LOCATED 

TRUE POElTlOU IIITUIU 01.0 T0T1*. 

(£>*(* VT UJVTkLUT'OU TORQUE TO &C 
4.1 rtL-LB * .* IU- <L& 

ft^hFTftR OftTfclUtuQ FIRST mVOOLLLTiOu 
TOAQUl , ftkC* OUT SCRft^J 4IUIMU* 
OP % TUOia f> RR TORQUE TO 
t4 W.-H t .* IU.-L* 


uotes : fc 

i. **ax %i*n -fetezasi' Ptn *H.-*TO-iYO e 
(Tfca.1 

(p>5\lRCMK^t WQLtU lUC. uOlUVtg, 

3. 60UO ftl fcCCcROAUCE 4111 U PROCESS 

VtC S1EX 

g> ?&£»& LU.NIETLL StREVi 

pboouct*. do me. 

gt>PURO«»^C POQlA i.P VtYSMS L CO. 

M.Y. Ufi*l YORK. 


r* 



137 of 356 


0Mf7 

























?oC» 



uoTta: 

U VkRM. ^1411 - i»*l' ■? 

ilt-VO’llO iTKZ't 

O«e-»MPH 5 ^Li,T =0 
MM% 7 JO*.m '«Cvi -33^0 

COOP mjimu&TCU »ikCH,CV-tC 



[£> *ATU « 6 £Aa*A*S :l 5 tm ua ^iit, 

MOM i P. V*V£U% CO 

B> vo eiBSRii.4>i 'Vil T -iE.it iaat-1. 

S> ’-lit ITtMV i.l.ti 4 S W.LEO. 

TO fcouitve 3431 J 1 

kBOUUO CUTS'jTH'P 11 SI.4C51 

4 - HuO lu 4 'coaDkviit AJ 1 TW 

MOCE.SS 1PSC. vw 

T. kU. L 4 YUP M 4 t\_ ' 3 BE !J 3 *avtO 
rnOM kuc<A aovii ;u aiu<u 
Rut t 






















TbisTvB 























































»N THE TABU? 

! *4_ to Surface' 
Th<S DRAWING 
EORETICAl 1_>n£ 

.ar to Surface o 

CURVE) AT ANY 

r on that curve. 

IC TO BE ftDUNQ 
TOTAL. PULL LENGTH 

! 0 >SCOwfJNU»TfES OR 
IS ROT PERMITTED. 

e;ss of tube to be 

IILLEO to the 

rofile : 

APEREO FROM .009 
Gj To . OiS t -QOr 
CONSTANT THICKNESS 
FROM DATUM H TO 
FORM L Y TAPERED 
00» f DATUM J) TO 
JATUM KJ. 

t SE MO NOTICEABLE 

OR INDENTATIONS 

t SURFACE OF 



U.OO!.OG 


"IS L E5ii CE AT *>-l- POIMT3 

™'« SURFACE 

TO EE X .040. 



ra/unr / 



GI 5274 

























k 

“T 


iootes: 

__L_. NlLRK. <31411- 4208.41 -<SI P ER 
-- WIL- VJD - 1^0 f T4G.} 


nfr/ri I fo" 

’ EDC. 


REVISIONS 

PncmrnoN 

< 7 ! [on « 6Zt~i 


OATS 

APKAUVLU s 


.224 « ' 


ns R 


Wim.: M. KLY GOfei-TtU 
PER QQ-4-22S 



BR&.Z.E. PER MIL-&-1BS3 

. WENT TREW TO T4 COW0ITI0M PER 
mL.-U- 4 . 06 S- 


2j MklU .020 TMK NL COY 
4061 -16 






xa»X4S*TYP- 
.04 wik%— 


1 1 J / -^ r r . ^ -w 


.nsi D , K 

.1254 


-.312 Dl* 



^>-32 UVJC- I 6s. 

P.O- COUCEUTRIC TO 


US6Z 



-.25 DIX 


.ERGflG DEV 


4208 41 - 2 SUPPORT 
420841 - I 'TUBE 


UNLESS OTHIRWISI SPSClnEO 

DIMENSIONS ARE IN INCHES 

iganaEiiiBMsminncaBB I and include appued finish 
■M nenntKUHiBiiamNt | tolerances 

EKU 5 #FQO 0 
Ktar^U 2 >raxE 4 TM 

■ram m iblum 
M tiraunatTMi 


TUi-l _ 

BBCSLHUintMMRBB 

twm* 

wtrr. return B£m*» j*» 
r = t.r-a ta aami-a 

nzr~ ■ i -i sirrn^x bum 
c. 

■oirauiaKitHi 



nomenclature or 

DESCRIPTION 


UST OR MATERIALS OR PARTS UST 

OlATTON liVCORPORATED 

OF MASS It INTCETTPI CatPOaATKM, SH.SOUWS, FLOtDA 


SUPPORT* WDPOUJT 


matt, toot wan my 4 ^ ^ m 

C 1 91417 42.0341 fa 

2/1 t i " 4 ** 1 

1 207 of ‘356 










303362 


A/ores ■ fc 

/: 4f4fi/E <*1417-308389-1 a>£ 4 \ l 

/Pf/t- STD -/so. ( 6A <5, ) 

, MAKE' PPC/4 P/C DES/GA/ CAT. A/O. 45-/7. 

7 ~o gp .rw/ 'A'/' tv/ t//av .cco/ pea /v. 
TO e<F . /& 7<?S5; si if 0/4 . 4//D414DE 44 CM 
r/^j-w cpcs, sc ear pass/tated. 

3~Z> C/K G. C- CM H^L BE LCEP/C/iT£& 

w/tr toeECO *» 905 /// accobdaa/cc 
N/TA RAC DWG. A/O. 30 7G/0. 



D/A4CNS/OH APPLIES AT TER 
CD4TIA/G. PEP ROTE 3. 


•**** -£c% t D " E> 


/ 7 SZ J^O/C 1 


. 0 -? X 

7 -y** 


LIST OF MATERIALS OR PARTS LIST 



AMBM^LUDI AP*VHO r>Nim 
TOKiMCIt 

k fu« 1 HKI iiHCLfl 


-////SR: 

:y~~p 


z/v^rr, /=/kot 



OP THE 
E IS TOOK 










2 


HO T£S: ■ ■ 

/. 9/4/7 - 30839 / -/ e-eh 

44 /E-SEE>-/SO ( 8 A.d,) 
i>> 444 TL .- 4 L 4 z Y EO£/- 7~6 

^<f>p oq-w -aso 

rfc> /-/MS/// CHE 44 /E 4 L E/LA 4 E£E 

u '^ M/i-C-SS^ TYPE I } <j»R/^OE C,CiASS 

*. tfj ALL OY£E (S/Vi. ESS OTHERWISE 

n 7 3 EEZ/F/EO. 

-HK.o 60 -.osa 


REVISIONS 


DATE ! AJTflOVEQ \ 


. 005 #****- 

TXA* 


.0 55 fi€.F 

r.oeo+JZ&Tr/* 


.04443° 

ry* 


s,j \ ,c 

WP 

/ 1 -i- , 


~. 094 Ri J SS o 


oos -:SIS ry^ 


093 rw 



. /VK o/-j 
E HOLES 


W" TO lUMt OF BUMS »*D EKTS 
C0NMCRI4L TOliMNCIS «r#t1 TO ST0CI WO 

w'niucrunw; roirMKi$ni)MOQi 
; Hi vmu 

I 5C»tW TM»t>OS Ml HU STM 
MtKWUKra KMIl-lfft-U 
U«(C SwWU nf *4 ir»« 

«UM6 imiou hi m u*% 


MMirtSiMWNC WO lOUtMCJNC hi uui 
»US« 

QiCItKil MD tiiCTOW (KMIUI HI <JU d 
TltiM* 

cum* stubcls rot rurnncu ikd 
rncnwi* oi««» hi «s*s ni 2 tt 
IlinOL wo EJcriDNlC «f(«Wt 
KAWnot* ru UUS riilMS 


v«im I'ici'ii 

l'.uuc«1 *«L 1* N(«ll 
<*» l«LUf( «**lHO f/»'»l 
taitMKH 


4 ! 47 \. : . 
/s VA/fs/Y: 


l;st of materials or parts l>st 

r *** I fqrvaorxvx/Q/’Vf /rOQQf?/=»QFlAT'££ 0 ! 

. ... | ** I -iiy.iz:*iv 0* HM’13 :«T£4JTAt cOMOratiCW ‘■tk&Cu***f * ' ( 


UtlUilk- Gs£* 

W-a- 7 L risii, 

\Cfijnn /a-/j 


CL/ 4 MF-, WyOTSW/tFr \ , 


1 SIZI tone i&ifiT HO 


B 1 9KT7 

/a -n-yi «CAU 2// I 


3083911 





158 of 356 


A 


B 


0 


A/or^s. 

A A4A/?X 9/4/7 306 3 VC, 

A4/L-S7Z>-/3G { SAftj 


Jl 


30339& 




REVISIONS 


ottCRimoN 


I5> 


&T/S8t$ OC/AMD/C -A?OG£KS 

<rcv?/p, /fCxs&srSj cossas. 





RA&-T- .VO. ! 

o//w w 

| vOAVT S' i 

J’0 < 9396> -/ 

■ ./** 


JOS3<»fc-.? 




U<?*2 30/^ 

■.ZJSO/aJ - ■ 


• 4€ 5/4 1.200 5/4 i 


-4 


1060 

-3 

<blSl fc4 

1060 

-r 

<©»VL^4 

lOftO 

-i 

■5 Vi 565 

JOW 

M 

NEXT A4SV 

UHO ON 

A^UCATWa . | 


* 


Mfl TO B f *a V WM5 MO UUff mo 

ccwcic»i touuhui imr to vow sun 
'..fictomc rovi'noi nt ww 
»c»wiiw nt kcou 

sc:» noyonw «u bm 
la i a v:atic« * t wlstoiz 
vote stmolsbhm, iron 

MLM6 rmxi iu M 4tt1l 




BmcaawK wo rotiiwouc m nu 

DIM 

OiCTIKAL wo cucnwwt Mtua Fll oil 

ruiMi 

am irhKKi wi cumntii m 
UicnwK mcuh rti i^jls tuju 
airticii. mo mcucmc ultima, 
•twwrcwj ru uw ni;*« 




ITEM PART O* I NOMENCLATURE OR ! COCC- 

NO. IDENTIFYING WO. I DESCRIPTION 1 1 3 CN T . 

on REOD 

LIST OF MATERIALS OR PARTS LIST 

awUM omrnwjat vtdfH 
tutNuan m' in ■•call 
MV MtCkUQr 4 MV/IV 
lOHilacd 

* PlACI 1 »y<c^ UKlII 


R/VOIAT/Orv fMCORRORAreO 1 

SJJTOIWV 0 * iHtf HTVPE CCRPQflATSOH. nfLarujW 


TITLE 

444 72.: 
> 





Site COM IDI * T RO. r -1 *2 n/ i ** v 

3 91417 SO a $96 1 

tCALtS// ! ■■' |*HIIT 
















-.09 0 


nit to k run or rum wivuwnwj 
ayuiicu. roil KAxcii imr n noci ud 
». njr*cTii»i« TOtrwwD ia mm 
ip-j munm nx ic cost 
ttX* TH 7 LTO HI mm 

H^numni m kmimi 
logic soi&au ra wl-stwpo 

I *1 mm Tram iff r irirr** 


MHCtilOMM MO rOLHAMING POL VM 
HAM* 

aitrtm m QKTwnc mhu* ia as 

TIllSGl 

■wwc STWOU fw lucmtu. un 
aimmiG ducuhpu usis n ue 
mmocM mo uicifeoiiiG cmu»a 
glflurawwu HIM 


QTY REOP. 


**.rj 

Lktuiiii 


rl 


T 


NO*, I. CULTURE OR 
DCIrdW^TiOK 


“1 


ymm omiw)| jwimcbT cwimCt *o 


UST OF MATERIALS OR PARTS U1ST 


I FVKI ■ »U£t 

- OJj ±-g|gl 


.a •* & *<( cm tw 

- £, x.n iUSsfjif.-, 


p acute > J 

1J-7/- 7 - <J, 

fe-/2-72.-ln£fjA 




l^r'£k. 






FTAD/AT/OA/ /r^CORPOHAT£D| 

suftiiDt*#t Of H»RRivHTE9rrPe cotwmw, *»Si.«oua*r, fiono* j 

TtTUt 

SW/Af - TAKE-UP SPAF 

r 

m 


ERggggl 

■ 

iEB 

illiw 






















uoTev. 

f. UittK, -41H20 PER. Mil-tfD-igO 

PuRCu«k%6. PRCM S*iUfc, PfcVTELiE-R ttW 





.ia&s 


C 


*14*7 


411*20 

















172 of 356 










s 


I 


■ 


HOrSS: 

/. jHA&X 7 - JOBJ92- / A’/TA' Af/t- 

(BAG) 

\2~>A7ATt-. Hex Ai At-Y £024 -T4 
L pe& QQ -a - 225 - 

\T~ J> ava/ssh A/vOa/c coAr/A/<? /*£■# 

Mi -a £e£s. r>w nr, coass /. 


REVISIONS 


OATS ' APPftOVto 


. 040 A* AX (ur'a^lRCl/T 7-0 
AiAUOA DtA) 


**-09S*' e 


5 // 6 HXX- 

/P£-A- 




;f\ 

~xrry 


■ t/ 4 -BSOAje-- tg 


I wkciu qTxiiaifi \*«r<rna *c 

»iB*ntrORt ill ■■ iN<Mlf - -t 

MB IKlLDt iPflllD FlilW B» »T - ... 

lPua^iHi .11 iii^j ii 


LIST OF MATERIALS OR PARTS UST 

*° haowt<o/v //^c:of=tr>Of=f^T^cJ 

J 1 ?* *’ T or MA»*ivintc«n^i co»w?»*fiow. -elbow**. r.cm 



nit nj u rxi omuitis mio sum tocu 
cownieiRi iuumicij IW.T nj stoci ud 

Wnuuctuhjk r«f t««u rfl worn 
WJtlMJWlHIP niKUM 
SCRW TKW.IM Pfl IPil STD -1 
MBrtrtnowm wisto-ji * 

U»t vrwa PH KMT® M 

klkm mu nt m 


owisionrnc md soucuuk ru <an 

TUSS* 

Ilf CTI4JU MO OICTOJC WCMH PU UIM 

TRIM* 

CftUKIC JT 1 IWU 101 fllCT WM. AID 
Ilf tt MM 1 C CMCMM «R USAS YHi- 4 ? • 
Aictka md iucTKy« «rc«ita - 
KUMTWtS «U *Stt ntlMi 


NUT, LGCK/ASG 





























0 ^ 3395 ! 


REVISIONS 


MA TL : S/tft A6X Al ALY 202* - T-4 

res? oa -a -25s. 

f£> AZ/Y/SM' AA/OO/C CO AT/A/6 P/TA? 

^ A4/L-A-S625-, T/A£ HZ ' CCASS f. 



ONDCACOr TO 
MWO/? £>/A 


-CA'AAfA'Sfi 



















176 of 356 


m 9^ 


I 

JL 


308388 r 


NOTES : 

I. MARK S>1417 3O&S80-OOI 

PER MIL-STD- 130. i'BAG OH TAG). 

g>- mail: similar to new 

HAMPSHIRE BALL BEARINGS 
INC., PART HO. M* 2. . 

finish: spherical surface of 
BALL TO BE LUBRICATED WITH. 
LUBECO * 305 IN ACCORDANCE 
WITH RADIATION 0W6 507(110. 


REVISIONS 


zomeIltr 


DESCRIPTION 


j PATE ■ APPROVED \ 


I I 


11 



NO. 3-5SUNF-3A REF 


EflSRS 


J 


K' 


■ 



r 



ism 

SEFEai 

1080 


NEXT AMY 

UNO Of* 

|| APPLICATION j 


run tv k rm v nns w & bum uco 
tflwtKut treiuicn unf re not* hss 
Kiwwicroioi*sreiiwiNco to mom - 
ircr.m'iJHif ru jcccm 

StTWniXWJFUSJiJTM - 
*Ki£VUTlC5fl fU ID14TMI 

low rraocij fu u.i-jre** 


WEDBItWNC MW roUMKJJK KM IOU 

muf 

bictocw. mb euctorjc ducmu m bm 
nuw» 

wwmk mrtcu nw omwcM «d 
nitT»o« owum m ibm mm 
rnmicu wo mcTtoNn imratt 
iOKUlUa PU UUS THJUS 


n 

n 

n 

rr«wi 

. NO - 

PART OR 
IDENTIFYING NO. 

NOMENCLATURE OR 1 COOcI 

DESCRIPTION * JOCNTf 

| QTY REQD| 

1 LIST OF MATERIALS OR PARTS LIST 


MVCniKMt *M tn irChm 

iik ncuinc Am iro rnm* 

nUtAJKN 

I RXt f mm 


_ I MO i ci 


comfntcf m a 


D» t |T^3 5 EFt^ CKA.AT ~ 


| wfwm t 

finish: g> 

ZDh 




■Zi 


RAD/AT/O/V (NGOPit^Of^AT^Ot 
EiawoiAHt df hab»iwm(«tym conwrnOM. awlMjup**. fuph>» { 


ROD END 


m 

coot UWHT NO. 

95417 

ESEIlli 

[ZFfllMMiCEaMl 


inf /« 


IF-71- I 






177 of 356 


± 


3390 * 

* ! 

t 

REVISIONS > 

Jzonc 

ltr{ 

D£9C»>P - OON 

1 QATE ( APPPGVCO [ 


[ cm« m 

jc»« NT ]lC&*«0 

-T-i. :: i 


/teres: 

./. AM/?// 9/4/7-300 3 90'/ 

A4//.-Sr£3-/SO. (SAG) 

, *0000 




g> 

l>. 

£> 


MRTL: .0904 ..SoSi srAt/te.ess sreei. 
ree*£- 4/e ee/» oo - s-r&4R 

>°//V 0.0. TO ee i-UBRtC AT£Q W/TH LUBtCO 

# 90S /</ AcecwOAver *■/« rad/*t/o/j 

owe 3 CT&/0- 

o/juba/s/oai j4/>R‘c/es Re re/? eoRr//sG 

eee a - ore j>. 


i o i 


ii 


■ or<t?o%&OM rye 



ome//e 
ecwwers r/e 


■ 0932 . 

■ 0930 1 


H 


te» 


:v' 


n 

i 

ITEM 
NO . 

r*nr on 

lOENTirriMG NO | 

NOMENCLATURE ON 
DE5C«l#»TlON 

I coor 
1 ,G,NT 

Iqty reqo| 

LIST OF MATERIALS OR PARTS LIST 1 









4j|%lfe4 

ioao 

A*** 

NO. 

next amv 

USED ON 

AWUCATION | 


MIT TO if FKI Of KIMS WO 5HMT loco 
OMvnicin iavfM>as irMf re rroa ud 
Wttuf KTUIMK lOUMUdS «1 MW 
wmmwhip nt wraw 
5CBT* IMUCS K* Kit 5TO4 
Manviuiow ni if* jtmj 
lOUCWKLSKIHll FW* 
KiMrmaunima»B 


wKmiOKiK md roiiUftcac «i uus 
n <s-« - 

CUCWCJl m ELfCHOMC NKUIItlUUS 
mini 

ottfHn swims fo» Eirnnai m 

tucnwuc OiAfiwn rt» uiAi nir-ff 
Oinnui wo rucuowc *rf£it« 
SQjciunoMS ru us« mim 


M»utt Oi»r«»rtl <G 

0>«l»»iO»* •»( <M 
• M» INCivM ***1110 tim*» 
IDUMKM 

Ifutt JltMt tltlil 

v2;» - 'c r • - • 


■ t'/ef J~j_ : 


\&U±> 


r/ss/SH-' 

s> 


’ 

o- it- r i 

« -5u 


po-a-7 i/ft! - 




iC/VW/tf 'Ml 


RAtJ^r/o/v i/voo^i/=»o/=f/aTet> 

0*M*l»NlHHTFim*£ CCMOUft-SN M-lO.*'* 


S/Z^FT; #G£> SM£> 


Size I CODE IDCPtT f*0. 


B 91417 336300 




T 


4 








































wort's 

1. - MARK 91417-421183-1 PER 

MIL- 5 r 0-130. {TAG) 

2. -MATL-AL ALr 606I-T6. 

Jr FINISH: CHEM FILM PER 


MIL- C-SS4I TYPE! GRADE C 
CLASS I. 






■ EHgaiisiaM 


on m i i o w . 


punt m. nc or iu no d» »i tf nxa 
BxumiA rttti ulicq «mi ttj ira* am 
>uwuF»cn«njH iqumms Fa wav 

weauttfinr rti «xui 

uEirvumcra ru tti-im a 

UXX STU3 03 m KUTUI 

BJHflWUnMHM 


Dfw.’rwws ui i&umcm ra mu 

TWS* 

OECTBCU Mt CUOWNX OOUKMf fU VMl 
TU.1S44 

WFumnuraorcmtiwi 
Menace kjuiu fo hsu ru« 
aEcnuJi did ultra mc buikju 
msjoutkw ru IBM THJMft 









4 


4 


2 


NOTE S: 

IrMARX 9I417-42U3CGI 
PER /ML STD 130. (TAG) 
2: BRAZE PER ML- 8-7663. 

3: finish: ch£M film per 

MIL- C~ 5341 TYPE l, 
GRADE C. CLASS / . 

4. HEAT TREAT TQ CON 
DiTtON T4 PER W/L- 
H-G088. 


)MATL : AL ALY ROD 
606/ ~T6 


njMATL: AL ALY TUBE 

.375 D/A 020 WALL 
606/ -76 

03 * 45 * 


0)MATL : AL ALY HEX 
606/ - 76 


+40UNC -3B 



S. 674 REF- 


4 40UNC' 38 


EiiGRG CSV 


± J 14 2113^^3 END PLUG 
/ 2\42UQG- 2 "END ‘PLUG 
T TTjj//,% 1 TT tube 



TUBE -ANTI- TORQUE 


42U8& 


\C S U+*~- '*-**'71 


Mb t* -•*- 


1 



















I-MARK'9IAI7-AEIi35GI PER 
MIL- STD -I JO. {TAG) 

&>■ PURCHASE FROM NATIONAL 
RADIO CO/AiC, MELROSE, MASS. 
















197 of 356 


y j 308387 


REVISIONS 


NOTES : 

I. MARK S14-I7 308 5S7-00I 
PER MIL-STD '130 ( 8A5,) 

MATl: AL ALLOY ROUND 

GOGI-TG PEP-. OO-ii-lOO 

{$> finish: Coat inside surface 

ONLY WITH "TUFRAM” BY 
GENERAL magnaplate CO. 


- 0 - 


[ZOMt 

i,r« 

oticmn'toN 

DATE | 

i approved i 


_ 

cm tn | Cm*, vt [ice mo 


i 


1 \ 



-.03 r» TCP 


EtiSHS DVL 0170 


□ 

□ 

□ 

|QTY REODl 











l>Of 

loiSlfeS 

1080 


JL 

NUT AMY 


f 

ApPUCATtOM ] 


wn to k mi v rj m im> sw» ma 

CDMttRLIl TDUMXZS ilTlT 79 jna UD 

■wirwnmw nniuvn ra mm 

JT 0 ,MUX!H^ K 1 

KmriTW$mimsTM 

-jrm 

wcie rwsau n i niutmoi 


wwioMt im nuuxiK m ion 

YU-Mi 

cuctvcm m fucrmue wow hi gut 

THJMi 

«»W«C jmsou fat EUCTWUt UQ 
Euantu clujum m ks*j Yju-tf 
bictogu «b uictwkic ansua 

K 3 KWKM RI HUMS 


ustofmaterials or parts list 


ilij* ar*ir»-mt **itir«a 
e *mt*tn*t i»»t m incuts 
«<• M*CLJfD€ • FAliCM n*HH 
WUIWH . 
JUKI MKtlt 

• " cob i 




matl: 

finish: g> 


■ i 




!( 

fT 


Coot I 
locKtr^ 


CONlRACI MO. 


T- \A/. TpHK ; *-h 




tO-/l~ 7 L T ,,, 




RADfAT/ON /NCORPOflATEO] 

SUBilOlABT OF HAB«lS-l«Tf*T- Pf COflFWUTlOH. mEL»Cu(nI HO* :(U I 


FERRULE 


B 


coot jockt no. 

91417 


±7TT 


308387 


AP<»-' 7 -T>- | 


















































































































210 of 356 


4 |30< 


uotes: 

L MhRK <31411 - -1 PER Wl-'iTD- 1^0 

/ n * \ 





.004: 


D 1 U. 


■ 

n 

Hi 

■ 

■n 

■hhb 

H 


■SEQI 

Eri 




qnr kcq p [ 


mm othtiw’i 
DUCNitMl >■( 
4 MWCUKII *n* 
Nguac 
I HMM irvou 


■Q 


mITCTII 

feO&l-TO 
QQ-fc.-l' 
OR EQU»i 


w tb Km tr u*n ujJHwnta 
ttMinciH nwiwco »fi.T m irca «a 
•ufrancrenwc rcmvtaj fu mic 
HI KTM 

izzrrwmnmitsn-t 

AtCCTUTKM HlMlL-STtHJ 

usc£rr-^uf«»rft 4 TWfii 

KJaiflUUPUMttM 


BfW^WWC tw mUMCUK HI Ml 
Vii 5-44 

ainrtii m» iuctodc mcmk hi bus 
uuue 

aamjc snocu foi niCTUCii «n 
tlKTtolK OUfiEUi HI USAS fflJ« 
aanjc*!. ms mcrontc hjiseml 
gnigwgwpcimmjw 



>A 

)0 


EiJGRfi DEV D.7G 


ItCMl PA*T OB 

MO. I lOENTlfTING MO. 


JJSTOf MATERIALS OR PARTS UST 





f?A 0 <AT/O^ WVCORPORATED, 
jugaoiMY Of HAMis-wtemf* cohforatioh. melbouhw. plo*td* i i 


'WfcAUER , Tit 


*y 9 ' , 2‘ _ / , / CfZX f tool IDEM? W 

££ - ^V^4 B I 91417 


Ah 


30’S <b I 

la**"- 




















211 of 356 






3090S9 


A/o r4~s: 

[7> //utr/.: G/o jbaotc y bobkd 

.m-jaa thick. 

[2> P RIME & FAINT PER 774! 

.070 HIA. HOLE & SURFACE INDICATED 
TO BE FREE OF PRIMER & PAINT - 
-IfiOTE-Z) . 

Ff. MARK 91417' 309053 PER MIL- STJ),- 
130. (BAG) 

/ .070 PSA 

r i 



/ 422 



i= r 

t 097 ^ 




/o#o 


USED ON 


APPLICATION 


PJUTT TO BE FES Cf BUSK AND SHARP EDGES 

camiKiK 7 cli was tmt to stow wa 
miNUFMrniEi.N j iouunus fm woon 

P08KMANSHIP Ft* 930060 
JCIWTHRlttSKimiSTM 
ABMnuriCPlS Flit Mil STD-12 
LOGIC SYMBOLS Ft* MIL-STOM6 

kumc smscmrammu 


Df WUISI OBI NG AND TOlERARONG PtH USAS 
TH.S« 

ELECT Rj CM. USD EUCTUomC DIAGRAM Ptft USAS 
HUS-K 

GRAPHIC STU&OLS FOR ELECTRICAL AND 
ELECTRO HIC DIAGRAM PER USAS T3L2-CT 
ELECTRICAL AND ELECTRONIC REFERENCE 
DBWUTWN5 PER B$WmJW5 




PART OR 

NOMENCLATURE OR 

IDENTIFYING NO. 

DESCRIPTION 


LIST OF MATERIALS OR PARTS LIST 


F*/\ O /AT/O/V INCORPORATED 

WBSDlARY OFHARRIS-WTERTYPE CORPORATION. »?'.BvVRKt ( FLORIDA 


TITLE , 






Aft ROYAL . 

4.jQ^k l- ll>fpV 


APFRoyja 

C.£ */</7^ 


CODE ID ENT HO. 

91417 


SCALE 


309059 



























A/e res : 

■ /- AMW 9/0/7-309 OCX.- 1 pe/t. /* 

/e-MATi: AX ALLoy 600 /- ri , 


LTR 

DESCRIPTION 

DATE 

APPROVED j 


CM IE ]cN««r | ICO MO. 




-.090 p/» 


X 




1 OTY REQD 


ITEM 

PART OR 

NOMENCLATURE OR 

CODE 

NO. 

IDENTIFYING NO. 

DESCRIPTION 

JDENT 


I UMLfSS OTHfNWfJt gHClftlO CONTRACT MO, 

DIMENSIONS Apt N IMCNIS 

AND INCLUDE im)IC MHISH bd IT 7'XO'Ti\ i;k* »T 
TclCOlMCft X/SY Sift, It. 1 

MICIC1 CNOINCCR, , , . 



MITT TO BE 1 PEE OF BURRS AND SHARP EDGE! 
CQ.VWRCUt TOUJWNCf S AMT TD STOCI XIZB 
KANUfACTlJfiiNG lOUMNCCS ttR MOOtt 

nom-Mmp rut 9 oco« 

$ C*W THREADS PU MII-STD 9 
I 0 WWWFM 5 PER MJlSJMf 
LOGIC SW.B015 m UH-Sl D-Btt 
mows SrPSOU Kfi m A 24 » 


DIMENSIONING AND TOURWtClNG PER USAS 

mstt 

tllnPlUL AND ELECTRONIC DIAGRAM PW 9Ui 
TRIMS 

OUPH 1 C STUKH 5 FOR ELECT RSCM AND 
EliCTHMIC DIAGRAM PU (JSAS Y 32 . 24 ? 
EIKIIICAL AND lUCIfflMC REFERENCE 
DDJGNATHya PU USAS TU 1 W 5 





approval j . 

CL~< VW* 


BAOWT/ON /rs/C? 0 F=lFa 0 F=*/t\-r £0 

wavrtARY Of hahpivintertyp? co*po*aiiCh,*elbc-,; ; ::e. plcrsd* 

TITLE — 

SFrf/VD OFF 


CODE I DENT NO. 

91417 309 OOZ 















APPENDIX B 


TEST PLAN AND PROCEDURES WITH TEST RESULTS 



FINAL 

TEST PLAN AND PROCEDURES REPORT 
FOR 

ADVANCED APPLICATIONS FLIGHT EXPERIMENT 
NASI -1 1444 

SEQUENCE NUMBER: 4314-01 
PREPARED FOR 

LANGLEY RESEARCH CENTER 

PREPARED BY 
RADIATION 

A DIVISION OF HARRIS-1 NTERTYPE 
P.O. BOX 37 

MELBOURNE, FLORIDA 32901 
9 FEBRUARY 1973 


PREPARED BY: APPROVED BY:_ 

W. E. Marbry C. E. Warren 

Test Engineer Program Manager 

APPROVED BY: 

L. A. Baugher 
Quality Engineer 


RAD 7902 

215 of 356 



APPENDIX B 

TEST PLAN AND PROCEDURES WITH TEST RESULTS 
1.0 INTRODUCTION 

Th is Test Plan and Procedure describes the testing program for the 12. 5-foot 
diameter antenna produced during the Advanced Applications Flight Experiment Program. 


1.1 


Purpose 


The purpose of this test plan is to define a meaningful and efficient evaluation and 
test program for the deployable antenna. The major objectives of this program are: 

1 . To determine the various physical and operational characteristics of the deploy- 
able antenna and 

2. To provide test data for correlation with the analyses performed during this 
program 

1.2 Scope 

The scope of this document is to detail the overall test program for the 12.5-foot 
diameter deployable antenna. Included in this plan is a description of parameters to be measured, 
the test objectives, test methods, required facilities and equipment, and data to be recorded. 

2.0 APPLICABLE DOCUMENTS 

Applicable documents to the test plan development are: 

a. Statement of Work, dated 15 December 1971 

b. Program Plan for Advanced Applications Flight Experiment Program, 
dated 17 May 1972 

c. Drawing 615283, Antenna Assembly 
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3.0 


VIBRATION TEST 


3*1 Test Objective 

The primary purpose of this test is to measure the resonant frequencies and response 
accelerations of the 12.5-foot diameter model antenna in various stowed and deployed 
configurations. 


3 . 2 Facilities and Instrumentation 

The fixtures shall be designed to restrict the motion of the base of the antenna to the 
specified input. Crosstalk shall not exceed 50 percent of the input and variation of the input 
across the antenna base shall not exceed a ratio of 2 to 1 . Lowest fundamental frequency for 
the stowed antenna fixtures shall exceed 500 Hz, and for the deployed antenna the frequency 
shall exceed 50 Hz. These criteria have been verified by tests with a heavier antenna. 

Five Endevco Model 2222B, or equivalent, accelerometers will be attached to the 
antenna at the locations shown in Figures 3.2-1 through 3.2-3. All accelerometer data shall be 
recorded on magnetic tape. The test setups are shown in Figures 3.2-4 and 3.2-5. 


3.3 Test Procedure 


Low-Level Sinusoidal Vibration, Stowed Antenna 


3.3. 1.1 Lateral Axis , ■ 

a. Sweep the bandwidth from 10 to 300 Hz in the lateral axis at the rate of one 
octave per minute using a 0.15 G rms sinusoidal input while recording the 
output from accelerometers at the locations shown in Figure 3.2-1. 

b. Dwell at up to three selected frequencies as determined by analysis and test 
data from. the sinusoidal sweeps. Input level shall be 0.15 G rms . Read 
accelerations and phase angles from the five accelerometers. 


3.3. 1.2 Longitudinal Axis 

Conduct a low-level sinusoidal vibration as described in Paragraph 3.3.1.1a. on 

the stowed antenna in the longitudinal axis. Record the output of accelerometers at the* locations 
as shown in Figure 3.2-2. 
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Figure 3.2-1. Accelerometer Locations for the Low-Level Sine Test in the 
Lateral Axis For the Stowed Antenna 
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INPUT 86975- I 


Figure 3.2-3. Accelerometer Locations for the Low-Level Sine Test in the 
Longitudinal Axis for the Deployable Antenna 
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Figure 3.2-4. Setup for Lateral Axis Vibration, Stowed Antenna 
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Figure 3.2- 



■5. Setup for Longitudinal Axis Vibration, Stowed or Deployed Antenna 
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3.3.2 


Low-Level Sinusoidal Vibration, Deployed Antenna / Longitudinal Axis 

Sweep the bandwidth from 40 to 5 Hz at a rate of one octave per minute using a 

0.15 Grms input while recording the output of accelerometers at the locations shown in 
Figure 3.2-3. 

3.3.3 Mechanical Inspection 

At the completion of each test, the antenna shall be visually inspected for any 
degradation. After all tests are completed, the antenna shall be visually inspected in more 
detail. Findings are reported in the test record. 

3.4 Measurements and Tolerances 

All measurements shal I be made with calibrated instruments. The maximum allow- 
able tolerances for test conditions shall be as follows: 

a. Vibration amplitude ' >■ 

Sinusoidal: ±10% 

b. Vibration Frequency 

±2% or 1 Hz, whichever is greater 

3.5 Test Record 

As a minimum, the data obtained during testing shall be presented in the test 
report as fol lows: 

• - 1 . 

1. Plots of response acceleration versus frequency for all accelerometer measure- 
ments taken for the 0.15 G rms input test 

2. Table showing G rms response and relative phase angle for selected accelerom- 
eters for resonant dwell tests using a 0.15 G rms input 

AAFE Vibration Test Summary 

Lateral Axis, Stowed Antenna ! 

The fundamental frequency of the stowed antenna in the lateral axis was 57,0 Hz. 

The mode shape was lateral bending of the entire antenna. The second resonant frequency occurred 
at 93.1 Hz and the mode shape was the first bending mode of the stowed ribs. The third resonant 
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frequency was 245.0 Hz and was the second lateral bending mode of the entire antenna. Figures 
3.5-2 through 3.5-6 are acceleration versus frequency plots of the five Instrumentation 
accelerometers. 

Longitudinal Axis, Stowed Antenna 

There were two primary resonances in the longitudinal axis. The first resonance 
occurred at 96 Hz and was a rib cage mode combining longitudinal translation (Z-axis) of the 
rib cage and bending of the ribs. The second resonance was 195 Hz and was the longitudinal 
mode of the feed support cone-ogive structure. Figures 3.5-7 through 3.5-13 are the acceleration 
versus frequency slots of the instrumentation accelerometers. 

Longitudinal Axis, Deployed Antenna 

In the deployed test, there was only one major resonance in the frequency band 
tested. This was the fundamental bending node of the rib-and-mesh assembly in the longitudinal 
axis and occurred at a frequency of 8,3 Hz. Figures 3.5-14 through 3.5-19 show the acceleration 
versus frequency plots of the instrumentation accelerometer. 

Post Test Inspection 

A complete inspection of the antenna after the completion of ail testing showed 
no signs of any degradations of any parts. ' 
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4.0 


SURFACE ACCURACY MEASUREMENT TEST 


4 . 1 Test Objectives 

The objective of this test is to measure the surface accuracy and deployment 
repeatability of the deployable antenna using a precise sweep template, and compute the rms 
surface error. This test is also a demonstration of deployment kinematics of the antenna. 


4.2 Test Method 

The antenna surface measurement configuration is shown ?n Figure 4.2. The 
sweep template consists of an accurately machined track along which a movable micrometer 
can be positioned. This feature allows any point on the reflector surface to be measured. 

Using the sweep template, the surface error of the reflector can be accurately 
measured. However, some uncertainties exist in predicting the surface error which the reflec- 
tor would exhibit in a zero-g environment, due to the sag of the mesh between the ribs. 

Two techniques for measurement of surface accuracy have been defined for use 
on the deployable antenna in order to minimize the uncertainty of the gravity error. In both 
techniques a total of 225 points on the mesh surface are measured, and the surface error is 
calculated using the paraboloid computer program (Appendix I). 

In the first technique, the antenna is placed in a face-side orientation, with the 
sweep template extending horizontally outward from the antenna axis. The sweep template 
remains stationary in this position during the entire measurement procedure. Different points on 
the reflector are measured by rotating the antenna about its central axis until the point to be 
measured is in the plane of the sweep template. The micrometer is then moved along the template 
to coincide with the desired point. Using this method, the mesh in the vicinity of the point being 
measured at any given time is in a vertical plane. In this configuration, the gravity effect on the 
mesh is reduced, and the surface error calculated from these measurements Is an approximation of 
the actual zero-g error. 

In the second technique, the antenna is oriented in a face-side position as in the 
first technique. However, during the measurement process, the antenna is held stationary while 
measurements are made by rotating the template about the antenna axis. After all the desired 
points have been measured in this way, the antenna is then rotated exactly 180° about its 
central axis. The same points which were measured during the first sweep are then measured 
a second time, again with the reflector held stationary and the sweep template rotated about 
its axis. The deviation of each point is averaged for the two readings, and the surface error 
is computed using the average position of each point. 
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ANTENNA SUPPORT FIXTURE 


86324-3 


Figure 4.2. Surface Measurement Tool i ng 
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The surface error determined by the second technique is expected to provide an 
upper bound for surface error in a zero-g environment. It contains certain additional errors, 
such as hysteresis in the ribs and effects of the nonlinearity of the mesh spring rate, which result 
from measuring the reflector in the two opposite orientations. Past experience has shown these 
effects to be very small . 

As part of the surface accuracy measurement test, the antenna is deployed once by 
activating the pyrotechnic cable cutter. The antenna is refolded and deployed nine more times 
using the MDS motor drive. Surface accuracy measurements are performed after the first deploy- 
ment and then after the nine additional deployments. 

4.3 Test Procedure 


4.3.1 Test Preparation 

Mark the antenna surface at each of the 225 points to be measured. There shall 
be nine points equally spaced along each of 25 equally spaced radial lines. The marking is 
accomplished by using either tiny pieces of adhesive -backed tape or by using ink dots. 

Install the antenna on the mounting fixture. Deploy the antenna by activating 
the pyrotechnic cable cutting device. 

Attach the sweep template to the antenna in the proper measurement configuration. 


4.3.2 Surface Accuracy Test Num ber 1 

Position the antenna in a face-side orientation. Position the sweep template 
such that it extends horizontally outward from the antenna axis. 

Using the sweep template, measure the deviation from the theoretical paraboloid 
of each of the 225 points marked on the reflector surface. During this test the sweep template 
remains in a horizontal position. The antenna is rotated about its central axis to bring the 
desired points into the plane of the sweep template. Record the deviation of each point in the 

data sheet. Input the data to the paraboloid computer program and record the calculated surface 
error on the data sheet. 


4.3.3 Surface Accuracy Test Nu mber 2 

Position the antenna in a face-side orientation. Record the angular position of the 
support fixture turntable. 
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With the antenna left stationary in this orientation, rotate the sweep template 
about the antenna axis and measure each of the 250 points marked on the reflector. Record 
the data on the data sheet. 

Rotate the antenna 180° about its axis- Record the angular position of the support 
fixture turntable. With the antenna left stationary In this orientation, rotate the sweep template 
about the antenna axis and measure each of the 225 points again. Record the second readings 
on the data sheet. 

Compute the average of the two readings for each of the 225 points. Record these 
results on the data sheet. Input these results into the paraboloid computer program and record 
the calculated surface error on the data sheet. 


4.3.4 Surface Accuracy Test Number 3 

With the sweep template removed, refold and deploy the. antenna nine times 
ending with the antenna in the deployed configuration . 

Attach the sweep template to the antenna in the proper measurement configuration . 

Position the antenna in a face-side orientation. Position the sweep template such 
that it extends horizontally outward from the antenna axis. 

Using the sweep template, measure the deviation from the theoretical paraboloid 
of each of the 225 points marked on the reflector surface. During this test the sweep template 
remains in a horizontal position. The antenna is rotated about its central axis to bring the 
desired points into the plane of the sweep template. Record the deviation of each point in the 
data sheet. Input the data to the paraboloid computer program and record the calculated sur- 
face error on the data sheet. , 
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** VIBRATION TEST DATA 

ACCELERATION VS. FREQUENCY 
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id VIBRATION TEST DATA 

ACCELERATION VS. FREQUENCY 

project /c input axis 

TEST ARTICLE AA input LEVEL ,J 2 / C-V -ft.: 

RUN NO. // ACCEL, location <v c y T/-', c_ 

TEST DATE /A- f- 73 ACCEL.SER.NO. /O 






« VIBRATION TEST DATA 

ACCELERATION VS. FREQUENCY 

PROJECT __ /CgC INPUT AXIS 

TEST ARTICLE iNPUT LEVEL. .U-f 


RUN NO. vS~ ACCEL. LOCATION 

TEST DATE /£' &"73 ACCEL.SER.NO. i 

OPERATOR ACCEL. SENSITIVE AXIS 









™ VIBRATION TEST DATA 

ACCELERATION VS. FREQUENCY 

PROJECT _ /C^C INPUT AXIS £ 

TEST ARTICLE /?y7 > >/</ /4 iNPUT LEVEI ,J./C 


RW NO. y ACCEL. LOCATION 4 

TEST DATE 73 ACCE L. SER. NO. £ 

OPERATOR T VC ACCEL. SENSITIVE Axis 
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VIBRATION TEST DATA 
ACCELERATION VS. FREQUENCY 

PROJECT /O INPUT AXIS 

TEST ARTICLE A/1 INPUT LEVEI -.3-sc'o - 

RUN NO. ACCEL. LOCATION if- A/ 

TEST DATE ACCEL. SER. NO. A^ -. 

OPERATOR -TZ'C. 


ACCEL. SENSITIVE AXIS 
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VIBRATION TEST DATA 
ACCELERATION VS. FREQUENCY 

PROJECT INPUT AXIS ? 

TEST ARTICLE, ,,/?/?/^' 7*^/1 INP^JT LEVEL -.?/(■ 

R V N NO. __ C ACCEL. LOCATION , 

TEST DATE /£ - 7 Z ACCEL. SER. NO. £ 

OPERATOR ~7/fC ACCEL. SENSITIVE AXIS 












4.4 


Test Record 
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a- s-n'b 
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4.4.1 Surface Accuracy Test No. 1 

4. 4. 1.1 Measurement Data 


Surface Deviation (Inches) 



4. 4, 1,2 Computer Results 


Surface Error: 0.0203-inch rms 
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this program riini»KTi 3 tut »nr*rn raraihjluid . 
from a ojvtN at r <jf oata points, 

STRUCTURES SECT TON 

radiation division 
HARRIS JNTERTVPE INC, 

HFL«0»RNE, FLORIDA 

Rf- VISION 'DATE "Of THIS ffttlGRAM, AllG-TI 
«**»***»»»»»•«*«*«*•** ******************* »«»**** 



BEST-FIT PARABOLOID FOB 150 INCH ANTENNA 


MEASUREMENT AND SURFACE deviation 
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20,09336 

-22,5*7*2 

4 . 36**5 



' N 


I7u 

98,91*12 

•15,8978ft 

4,3525? 

-,*(<005 

.00025 

,00193 

28,41767 

-1 5,fl4T*3 

0,75445 




1 79 

31 ,96320 

-8,2067ft 

0 , 35?5? 

-,W11 1 

,00029 

,00035 

11,9*213 

• ft. 20649 

0,75*87 




f' 


ITt 

.00000 

-,ooooo 

2,9)167 

,00211 

-oi ■ 

. > ‘ 

177 

<*>, 13173 

6,71*63 

2, *1167 

,0020* 

Tl 


178 

23.66020 

11,00715 

2**1167 

,002*0 

... 

■— 

17* 

1®, 68215 

18.48277 

- 2.9H67 ~ 

,000*6 

6 


|80 

l*,*67i2 

22,7*685 

2,91167 

•,0025* 


iai 

P , 1*3*6 

25,67851 

2,91167 

,001*6 



)P2 

1 ,6*3 1* 

26. **672 

2, *5167 

•,00013 

cl 

i 


IP 1 

, ns^ \n 

26,92176 

2.81367 

,00008 


IP* 

•11 ,**<>04 

2 « , * 1 0 1 1 

2, *1167 

,00045 

,00128 



185 

•17,210*3 

" 20,80186 

2,9 l 167 

jT“‘ 


106 

•21 ,0*1*6 

19,87020 

2.91567 

,00273 



107 

-23, 10 1*6 

*,*1*16 

2,91167 

,00108 

t 

— 

IPS 

• 26 , 7 P 7 1 0 

1,18*00 

2,81167 

,00084 

1 


JP* 

•26 ,78716 

•1.181*9 

2,81167 

•,00324 

I 


1*0 

•23.101*7 

-*,*1*16 

2,91167 

,00*71 



1*1 

• 21 ,8*3*6 

-15.87020 

2,91167 

,00512 



1*2 

•17,2)049 

•20.80385 

2, *1167 

.00215 



1*1 

• 1 1 ,4*60* 

•2* , *3011 

2,91367 

,000*0 

T~' 


l*fl . 

' -5,09*10 

-26,52176 

“ 2,91167 ~ 

* ,00059 -- 

■ i 


1*3 

1,6*51* 

•26.9*672 

2,91167 • 

•,00012 



1*6 

P. 1«.1*5 

*23.67851 

2, *1367 

>,002*4 



1*7 

14.4671? 

•22,7*686 

' 2.91167 

>, 001*2 



1*P 

1 * ,6P2l 5 

•18,48278 

2,91367 

,0006* 



1*9 

21,66028 

•11,00736 

2,91167 

,00656 

i * 


200 

26,1917* 

*6,71*61 

2,91167 ' 

,000*2 

- 1 


201 

21 ,00000 

•,00000 

1,76259 

,00662 

i 


202 

20, 1*0 25 

5,222*9 

1 .76239 

,001 36 



201 

1 8 ,*0?4* 

10.11681 

■ ~ 1,7625* 

"■ v ”, 002*7 

r\ 


20* 

15 , 10P 1* 

14,1754* 

1.7625* 

,000*8 



203 

1 1.23216 

17,7108* 

1,7625* 

-.00009 

\ 


206 

6.40* 16 

19, *721* 

1.7625* 

,0006* 

i 


207 

1 . ' ! PfeO 

20.95856 

1 ,7625* 

,00038 

i 


20P 

• 1,* 150 1 

20,62803 

1,7625* 

.00017 



20* 

-P,*41 16 

19,00117 

1,7625* 

•,000*2 



210 

•1 1, 300*0 

!6, 18078 

1,7625* 

•,00063 



211 

-16,*P*16 

12.3*1** 

1,7625* 

,00161 

r 


212 

•19,52511 

7,71062 

1,7625* 

,001 77 

* 


21 1 

• 20 , P 1*4 1 

2,61208 

1,7623* 

.00156 



21 * 

-?o,8 vj*l 

-2,6120(1 

1,7623* 

,00074 



2 1 r > 


-7,7 1061 

1 ,7625* 

,00)08 



216 

•16, *P*16 

-1 2, 1* 1*9 

t , 7623* 

,00007 



217 

• 1 1 , 1 P 3 * \ 

*1 6. t 8078 

1 ,7623* 

-.0012! 



2 1 P 

• 9,0*1 IT 

-19.001 If 

1 ,7625* 

•,00078 

: 


21* 

■ 

c 

O 

-20.62801 

1,7623* 

-,00005 



220 

1 , 11P60 

•20,93856 

1 , 76239 

•,00010 

•,00072 



221 

6,40*19 

• l * , *72 1 * 

1,7625* 

o . 

ro 

222 

1 1,23216 

•17,7108* 

1 , 76259 

,00200 

-.00018 


KO 

h- 4 

221 

15,3083* 

•14,175** 

1 ,7625* 



22* 

lP,*02*fl 

•10,11681 

1,7625* 

,00305 

c! 

O 

J-h 

223 

20,1*02* 

•5,2224* 

1,7625* 

,00361 


U) 

L/i 

O V' 


©id 


n 



. 30 

■’ -.00*77 

27,0021 1 

,*00000 ' 

2.9038 



, 0 y i ) 5 2 

• ,0097 t 

26,1537* 

6,71515 

2,90304 


.00132 

-.01271 

23,66268 

U <00 P 67 

2,90096 


,00043 

-,002*3 

1 ^ ] 

\ 

2, *107* 


•,00401 

<021** 

14,46078 

22,7*285 

2.93566 


.00602 

-, 02*32 

8.345*1 

25,68455 

2,8*434 


-.00211 — 

- <00977 

1,6*52! 

26,94462 

2,92344 



-.00041 

.001*5 

-5,05*22 

26,5204 

2,91562 


•.00105 

,00518 

-11,49555 

2* ,*?9?8 

2.* l *05 


-.00154 

,00*29 

•17,20*17 

20,80231 

2, *22*6 

■ mb 

•.00148 

,01564 

•21,84073 

15,86822 

2. *2*31 


• .1)0043 

,00318 

•25,1028* 

4,91844 

2. *1*05 


•,00011 

.003*1 

•26,78626 

3,18189 

2. *1750 



•.000*1 

-.01515 

•26,79014 

• 1,189' I 0 

2.8*852 


,00106 

, 021*6 

•25,0**26 

•9,41 750 

2,93713 


.00372 

,02*12 

-2) .81814 

•15,866*8 

2,*4?*9 



,00260 

,0156* 

•17,20810 

-20,60125 

2.92*31 


.00086 

,004*0 

•11,4*564 

• 2* ,*2**7 

2,91807 


,00311 ~ 

~ ,01466 

-5.05871 

-26,51865 ' • — 

2. *2833 


.00505 

,02146 

1 ,69502 

-28,9*167 

2.93713 


,00752 

ft 0,36^7 A 

8,34101 

-25,67100 

2.*8633 

•• 

,00303 

,01662 

14,46540 

•22,79381 

2.93*2* 

— 

-.00065 

-.00*40 

1 * , 68284 

•18,481*1 

2, *0*27 


*,003 M 

03470 

21.66684 

• 1 1,0 t 0*6 

2,878*7 


«,0002 t 

-,081*1 

26, 15256 

-6,71*8* 

?.*0*76 

• 

.00000 

•.03*45 

21 ,00662 

,00060 

1,72314 


.00033 

•,00818 

20,3*161 

5,2228* 

1.75*2! 


,00136 

•,01677 

18,40**1 

10,11818 

1,7458? 

....... - . . 

,00045 

•.003*4 

15,3088? 

14,37584 

1,75865 


•,00014 

, 000*9 

11.25227 

17,71075 

1,76338 


,001*7 

•.01231 

6. *9000 

19,97*15 

1 ,75026 

" ’ ' ‘ — -) 

,00603 

•,03600 

1 ,31898 

20,96*59 

1,7265* 


•,00089 

,005*2 

-3,93*80 

20,6271* 

1,76001 


,000*0 

: -,005*2 

•8,9.4! 7* 

" 19,06227 

1 ,75667 

' — — • — — 

,00077 

•,005*2 

•1 3,3863* 

16,1804 

1,75667 


-.00117 

.01181 

•16,98775 

12,1*232 

1,77442 


•,00070 

.0113* 

-19,52354 

7,72942 

1.771*3 

. 

-,00020 

,00937 

•20.83285 

2.6 M 80 

1,771*6 


,0000* 

,00*** 

•20,83367 

•2,63 1 90 

1.76703 


.000*3 

,0*6*0 

• 1 * ,52*2 ' 

-7.710 |9 

1 .76*** 

_ — 

.00005 

,000*9 

•16.4892* 

-12,3*1*4 

1 ,76308 


•.00147 

-,0113* 

•13,38712 

•14. 1*224 

1,75125 


-.00 1 65 

-,01085 

-8,9421 4 

* 1 Q 9 rt * \ *• J 

1,751 7* 


00024 

•,001*8 

•3,93506 

•20,62828 

1 ,76! 1 1 


,00165 

,00*86 

1 ,318*4 

•26,45691 

1 .77245 


.00220 

,01381 

6,4686* 

• ) 9 ,96998 

1.77640 



00319 

-,02214 

11,25415 

•17.71*03 

1 ,74040 


.00017 

.00148 

15,30816 

-14,37532 

1,76*07 


-.00167 

02071 

18, *05* P 

•16,11851 

1 ,74188 


•,000*3 

-,0221* 

20,34385 

•5.223*2 

1,740*0 
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JOtM DEVIATION EBO* the flE3T FIT PARABOLOID! INCHES) 


r . 


rr 




•4 


fyi 


1 

1 

4 

5 

6 

r 

5 
0 
1 0 
1 1 
12 
1 1 
1 u 

15 

16 
* 1 T 

1 ft 

I 9 
20 
21 
22 
23 
2-1 

25 

26 
27 
25 
20 
30 

IS 
' 3 ? 

I I 
3-1 
35 
56 
If 
5B 
V) 

-m 

ui 

«2 

«3 

on 

-15 

<46 

flf 

on 

09 

*10 

51 

52 

si 

50 

55 


-.01025 
— , 0 2 a 3 6 
«.n?*> 12 
-,0?i«l 
-, 00-125 
,01577 
,00020 
.on 15 

,0.1272 
01690 
•.OOOOS 
-, 00B59 

,01026 
-,02535 
•,00157 
•,00501 
,00059 
-.00701 
,02555 
.02519 
-.00! J5 
-.00016 
-.02157 
.02515 
•,00fl75 

• ,02556 
-, 01600 

• ,01755 

• , 00629 
. Ofl«59 
.01920 
,00177 

-.010 45 
.otftuo 
-, 010*12 
-,00075 

-.02557 
01272 
-,0-6«7 
. 002/6 
-.00156 
-,01125 
», 006.111 
,onn 

,01952 

-,00692 

,00066 

-.01577 

-,00240 

-.00372 

,00221 

-,00533 

,00238 

,00029 

,02720 
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r> 


r\ 

o. 


i 





5 7 
Sft 

59 

60 
6) 
6 ? 

6 7 
M 
AS 
A A 
67 
A A 

69 

70 

71 
7? 
75 
?a 

75 

76 

77 

7 n 
79 
«0 
01 
6? 
07 

ru 

os 

00 

07 

00 

09 

90 

91 
9? 
0.5 
oa 
95 
1(, 
97 

90 
99 
1 00 
101 
10 ? 
105 
1 0« 
ms 

1 0 A 

10 7- 

1 OR 
109 

lift 
1 1 1 
11? 
m 
1 10 
1 15 


/ 

t 


* , i.ii > in 

* , 0061 5 
,0IIH 

.05070 ' " “ " ' 

-.00719 

,04?19 

»,o.5a 09 - •■’ ' 

-.01673 

-.04777 

-.00622 . .. . 

.Ol?01 
.0 looq 

.00?6? ’ 

. 0 1 90fl 

,0??07 

-.00057 ' ' 

-.00679 

-. 01 127 

-.0 0? 5 7 — 

•,0115* 

,0071? 

,007?? 

.001 .56 
,00265 
,01707 
-.00995 
.01790 

,07071 • ' ~ . 

,0479? 

-,00757 

.07477 

-.03700 

,00916 

-.03647 ’ - — 

•,01657 
,00105 
.01654 
-, 00075 
,0?6S? 

,04440 
—.01666 
, 00TS7 
,00?5« 

-.0071 1 
,000 66 

,004 70 " 

-.01614 
, 0 0?6 1 

,O06?7 

.02734 
, 0 0 ? 7 6 

,02675 - _ ■ ' ' 

,03970 \ 

,03706 X. 

,00201 ' ■ - ’ ’ 

,02645 

,00140 

,01749 •' '■ “ 

•,04**1 

,00050 
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\ 1 ft 
1 1 ? 
t I o 
\ I 9 
1 20 
121 
12? 
1?l 
1?« 
12 S 
1 ? b 
1 2 7 
1 2* 
129 
1 10 
U1 
M2 
Ml 
im 
i is 
Mft 

l v? 
i in 
t 19 
joo 
1«1 
102 
Ml 
t «<l 

l«ft 
M 7 
1 a A 
199 
MO 
tsi 
IS? 
151 
M 9 

tss 

IS* 
JS 7 
Mfi 
159 
J Ml 
1 M 
1ft? 
I* J 
169 
lft5 
1 6ft 
1 67 . 
1 bn 

169 

170 
17] 
17? 

171 
17« 
17S 


.ftn7R<> 

,o?l?7 

-.00760 

,01066 

,o 2 io? 

,02*51 

.nisos 

-.OMIft 
-,0211ft 
-, oiRor 
,01 M* 
-.01616 
- , o o ftSft 
,01269 
,01007 
00*24 
.02927 
.00007 
,01001 
-.00965 
,n?a?2 
.00110 
-.01 1*1 
-.nmna 
-, 00**1 
-,00265 
,017ft? 
,01159 
,0?«?« 
.01190 
.OlftSl 
, 0S612 
-.00050 
-.oiooa 
-.ooaaq 
,02029 

,oiao* 

-.00*29 
«, 00625 
,01609 
■, 009 a* 
, 0«951 
, 0225? 
,01970 
,00727 
,01ia7 
-,00*90 
-.02170 

-, 0299 ft 

,00097 
, oonni 
.niis? 
,009 1* 

,oi?so 

,0110ft 

,03*9.0 

,05799 

, 000*0 

-.01025 

-,00659 


l J1 
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Oi 


1 y h 
17? 
1 70 
179 
1«0 
1*1 
1 A? 

I Ail 
IAS 
l A* 
1 A 7 
1PA 
1 A 9 

190 

191 
19? 
I'M 
l<*a 
19S 

1 Af, 

1 '> 7 

1 <JO 

1 99 

?00 
201 
?n? 
?n I 
204 


5(1? 

20f» 

209 

-no 

212 

jn 

210 
ms 
210 
2i r 

?1H 

219 

220 
?2 1 
222 
221 
229 
22S 


-,0)669 
-.01 <S U 0 
*,01461 
-.009R? 

,oism 

-,0S9?a 

, 0004 s 

-, 110909 
-.00691 
-.00111 A 

,onj?s 

-.010S1 
0 1 ?7A 
-.01316 
,00710 
,01360 
-.0001? 
«, 0 1 090 
,00091) 
,01 1 «? 
,0266? 
,007011 
-,0V 1 i>6 
-,044?S 

-,oma 

— , 0 4 a 0 0 
-,01166 
-.02006 
-.0077? 

t\nu] 

-, ooi aa 

•,fllu?s 

«,01S31 
,00199 
,08069 
-.00191 
-.0071? 
— , A o a AO 
-.01123 
-,0??9? 
-.0?17? 

-,Oi I |9 
,00199 
,0066} 
-,0?950 
-,0p39S 
— , 0?SA9 
-.02672 


NUMBER OP ITERATIONS ■ 24 




ANGLE OF ROTATION, ABOUT 2 AXIS ■ -,2759«703'59i23+000 RADIANS 

OFF AXIS ANGLE , ABOUT ROTATED X AXIS ■ ,74S«5O29293Ut-00a RADIANS 

VALUES DX,DV,nj LOCATE THE VERTEX OF THE BEST FIT PARABOLOID 
IN THE ROTATED COORDINATE 5VSTFH 
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- 
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.0011#. 

INCMF3 


eocal Lt^f , t h or n r t n> p*mnnuiio ■ 62 ,j? 2 * inches 

RHS *JTm RfSPJCT 70 nf.ST HI PARABOLOID « ,02t*H INCHES 
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PARABOLOID PROGRAM 

THIS PROGRAM COMPUTES THE MST-PIT PARABOLOID 
FROM A GIVER SET OF DATA FflvTS, 

STRUCTURES SECTION 
RADIATION DIVISION 
HARRIS IHTERTVPI IRC, 

MELBOURNE. FLORIDA 

REVISION DATE Of THIS PROGRAM, AUC<»73 


r-~> 

/a*'’’ 



9E0T»f IT PARABOLOID PM ISO INCH ASlCNNA 
SURFACE ACCURACY TEST NUMBER 3 



a 


******* ******** Aft ***lt*ft***H***«***«******t******«ft**^4Ki 


JOINT COORDINATES OEE«C 710*4 


JOINT* 

X 

V 

Z ** 

X 

Y 


> 

*9,00000 

•,00000 

19,02870 

•,03013 

,00000 


2 

**,63224 

17,15960 

19,02678 

-,04163 

•,010*9 


3 

*0x4*5 1* 

33x2*100 

19,02676 

•x 0202.0 

•.01*01 


4 

50,29683 

47,23375 

19,02678 

•,03536 

-.01339 


5 

36,97203 

38,236*3 

19,02678 

*,02691 

••04241 


6 

21.32217 

65, *2290 

19,02876 

-,01403 

*.04110 


7 

4,33255 

*6,8*364 

19,02678 

-,00315 

•,omj 


3 

•12,92911 

*7,77782 

19,02876 

,000*0 

•,MW 


9 

•29,37677 

*2,43307 

19,02676 

,023*5 

*.om* 


10 

•41,98223 

33,1*541 

19,02678 

,02494 

*,01014 


11 

•55,82217 

40,55718 

19,02678 

,03712 

*, 02*97 


12 

13 

•64,15456 
•66, 4 S 59 1 

25,40060 

6,64600 

19x02878 

19,02878 

.02739 

,05702 

-.01045 

•,0078 b 


14 

•66,45591 

•8,64799 

19,02878 

,03977 

,00501 


15 

•64x15456 

•25,40039 

19x02876 

,0435* 

•01785 


1* 

•55,82216 

•40,55717 

19,02878 

,03438 

,02496 


17 

•43,9822* 

•53,1*541 

19,02878 

,02955 

,03571 


18 

•29,37678 

■62,4330* 

19,02678 

,01*45 

,0349* 


19 

•12.92932 

*67,77782 

19,02678 

,01005 

,052** 


20 

4,33251 

•68,6*364 

19,02876 

•,00316 

.09041 


21 

21,3221* 

•65,62290 

19,02878 

•,01326 

,04046 


22 

36,97203 

*55,25663 

19,02878 

*,02456 

,03874 


23 

50,29682 

*47,23376 

19,02876 

•,03415 

,03207 


2a 

*0,46515 

•33,24102 

19,02878 

-.05036 

,0*> A ! 


25 

66,63223 

•17,13962 

19,02876 

•,04163 

,010*9 


2* 

*3,00000 

•,00000 

15,6*331 

•,03643 

,00000 


27 

61,02074 

15,66746 

15,0*331 

-, 03100 

• ,00017 


20 

55,20732 

30,35048 

13,6*331 

03705 

•,02037 


29 

45,92502 

43,12647 

15,8*331 

•,03115 

*,02925 


30 

31,75709 

53,192*6 

15,66331 

•,03622 

-.05393 


31 

19,4*007 

39,91656 

15,06331 

•,01126 

• ( 034*5 


32 

3,95380 

62,67560 

13,06331 

•,00274 

•,04394 


33 

•11,80502 

61,60410 

13,0*331 

,00514 

•,02*43 


34 

-26,02409 

57,00410 

15,66331 

.01724 

-,036*3 

( ^ 

35 

-40,15771 

48,34233 

15,06331 

,02007 

•,0242* 

[— J 

3* 

•50,9*807 

37,03047 

15,86331 

,02347 

•,01651 


37 

•58,57592 

23,19185 

15,86331 

.02342 

•,00927 


30 

•62,50522 

7,69*00 

15,66331 

,02767 

•,00390 


39 

•62,50323 

•7,89599 

15,6*331 

.02231 

,00262 


40 

•58,57592 

-23, 19184 

15,6633! 

.03262 

,01291 


41 

•50,9*007 

-37,03046 

15,6*33! 

,0258* 

,01677 


42 

•40,15772 

•48,54233 

15,6*331 

,01744 

,02114 


43 

•26,82410 

•57,00410 

15,6*331 

,01436 

.03092 


44 

•11,60501 

■61,88409 

15,6*331 

,00666 

,03490 

LO 

45 

3,95579 

•62,67568 

15,66331 

*,00271 

,04309 

O 

o 

4* 

19,4*80* 

-59,91*5* 

15,86331 

*,0080* 

,02481 
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45,92501 

•43,12*48 
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49 
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•15,66748 
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57,00000 

•,00000 
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**,790*0 
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•52,97220 
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,02115 
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,06279 
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12,98561 
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•19, *7445 
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•,00525 
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12,98561 

•,01753 

,01*4* 
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10,39968 

•,01645 
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34,89407 
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•,01719 
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37,10997 
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46,47675 

10,39568 

•,00159 

•,02524 


,06204 

3,20073 

50,67412 

10,39966 

,00545 

•,02655 


,07130 

•9,55100 

50,06610 

10,39568 

.01*07 

• ,0341* 


,092*0 

•21,694*7 
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10.39568 

.01131 

•,013*7 


,04352 

•32,49731 

39,28250 

10,39568 

,02*27 

•,01908 


,079*4 

•41,233*0 

29,95747 
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,00946 

•,00373 


,02900 
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18,77060 

10,39568 

,02434 
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•50,57150 

6,16892 

10,39568 

,01049 

,00132 


,02593 

•50,5873* 

•6,340b* 

10,39568 

.01299 

,00914 


,03426 

•47,405*2 

•18,7*920 

10,39568 

,01632 

,01331 


,05S54 

•41,24155 

•29,9*373 

10,39568 

,01566 

,0(920 


,0*112 

•33,49275 

•39,27697 

10.39568 

.00643 

,013** 


,03704 

•21,70832 

•46,13251 

10,19566 

.00502 

,02633 


,06375 

•9,55143 

•50,07032 

10,39568 

•,00190 

.03014 


,07408 

1,20041 

-50,8*922 

10,39566 

*,00210 

,00*46 


,01667 

15,75776 

•48.49T42 

10,19566 

•,01092 

,01721 
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27,31623 

•43,04352 

10,39568 

•,01541 

,01447 


,05186 
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•34,89744 
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-.01687 

,00926 


,04723 

44,6747* 

•24,5*017 

10,19568 

•,01755 

,00451 


,04445 

44,38019 

•12,676*9 

8,09353 

-.01899 

,00000 


,09269 

44,98105 

,00000 

8,09353 

00525 

•,00135 


,01906 

43,56100 

11,16970 

8,09353 

•,01305 

•,00717 


,04140 

39,42075 

21,67174 

8,09393 

•,01357 

•,01274 


,05179 

32,79002 

30.79188 

8,09353 

-.013*0 

«, 02143 


,07057 

24,098*0 

17,47332 

8,09353 

•,00387 

*,01191 


*03482 

13,90190 

41,785*3 

8 , 09353 

-,00106 

-.01723 


,04799 

2,82449 

44,84397 

8,09353 

,00387 

•.02026 


,05740 

•8,42829 

44,18264 

6,09393 

,01052 

-.0223* 


,06869 

•14,14955 

40,69486 

8,09353 

.00777 

-, 00919 


,03388 

•28,67*31 

34,66371 

8,09353 

,01451 

•,01054 


,04987 

•36,39125 

26,43979 

8,09353 

,01007 

• ,00399 


,03011 

-41,62987 

16,56162 

8,09353 

,01813 

•,00229 


,05081 

•44,62703 

5,63771 

8,09353 

,00336 

,00042 


,00941 

•44,64160 

-5,63957 

8,09353 

,01448 

,00573 


.04328 

•41,82547 

•16,55487 


I?, 815*6 

13,01113 

13,98621 
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13,47934 

13,82*24 

11,93819 
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11.48476 

13, 08640 

13,99022 

13*93989 

13,99931 

13,09941 

13,92292 

13,62876 

13,03839 

13,04021 

13,51747 

10,45773 

10,43735 

10,44847 

16,49998 

10.47439 

10,46050 

10,49771 

10,46699 

10,48828 

10.43921 

10,47532 

10,42069 

10,49587 

10,42161 

10,42995 

10,45114 

19,45680 


10,46143 

10,46976 

10,41235 

(0,44569 

10,44754 

16,44291 

16,44013 
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8,10858 

8,13493 

8,18528 
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8,19092 
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20,89720 
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•16, *0519 
•JO, 65933 
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•56,26128 
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•32,75978 
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•50,68263 
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• 12 , 1461 1 
* 19,39691 
• 25,02695 
• 29,85929 
• 32,01508 
* 32,93088 
• il . 38087 
* 27,86283 
• 22,59006 
* 15,89788 
• 8.20678 


8,09111 

liPfJII 

8,09153 

8,09153 

8 . 0*151 

8.09353 
6,09553 

6.09353 
6 , 079} 0 
6,07910 
*.07914 
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4,15252 
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4.35252 
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•01969 

,01900 

,00969 

,00490 
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,09961 
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•toil* 

.88961 

.00192 

,00600 

*,006§2 


,0199) 

,00296 

.919J9 

,00969 

. 014*7 
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,00609 

,00362 

.00197 

, 0001 * 

.00907 


•64709 

.019*9 

.01*70 

.06681 
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-OMIT 

•69966 

.01694 
.04678 
.00668 
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,00916 

,02864 
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,00660 
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• 24,85214 

,01060 

,01723 

* 10,60006 

_ .91179 
,01666 

.09195 

, 84)41 

• 7,10487 
f , 4481 7 

.01612 

( 0*110 

12,04877 

. 01196 

, 071*0 

20,66928 

, 00*32 

, 029*0 

28,42100 

, 0006 * 

,00573 

34,17439 

.00135 

,02003 

37,76669 

.00666 

,04158 

32 , 9690 ) 

•.00961 

,61094 

31 , 959)4 

•, 0.8168 

, 011*0 

26 , 9)544 

*,00227 

,01257 

20,05355 

•, 00*03 

,02707 

17,67606 

■,00097 

,00387 

10,19725 

-.01011 
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2,07105 

•,00727 

,02800 

•*,16220 
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,03090 

• 14,04720 

•,00492 

,02220 

• 21,03125 
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•,00122 

,01257 

- 30,67954 

•.00029 

,00870 

* 32,71751 

,00003 
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• 12,73993 
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,01831 
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_ •84.88431 
•41,77899 
•17,97133 
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•41 ,*7901 
•11,18994 
.... .,00000 
6,66639 
16,76967 
46,68619 
34,9134* 
37,08690 
* 8^60769 
36,3033* 
39.17196 
14 , 66*18 
92,91958 
14,15324 
4,68*73 
•4.88761 
•14,19379 
•22,61817 
*36,04107 
•19,97775 
•18,29)01 
-38,91X69 
•37,07309 
•32,90999 
-26,69103 
•18,78750 
■9,69730 
,00000 
8,20874 
19,69*00 
22,58778 
27,85079 
31,38389 
32,92470 
12,40621 
29,85191 
25,02242 
19,391*7 
12,10*89 
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•25,42025 
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* Approved all except 4.4.3 Test Number 3 (Results not available) 
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QUALITY CONTROL 


^CUSTOMER REP. 


DC AS REP. 


DATE 


DATE 


DATE 


DATE 



5.0 


RF EVALUATION TEST 


5 • 1 Test Objective 

The purpose of this test is to evaluate the RF performance of the 12 . 5-foot diameter 
deployable antenna. This is done in three separate procedures. First, the gain of the deploy- 
able antenna with a feed installed is compared with the gain of the same feed in a standard solid 
metal parabola with a known and relatively small surface tolerance and the same diameter and 
focal length. Second, a feed with a known phase center is placed at the designed focal point of 
the parabola, and the gain difference is measured between this feed position and the feed posi- 
tion obtained by electrical testing. Third, the far field radiation patterns of the dish are 
measured and compared with the far field radiation patterns of the standard parabola . These 
three measurements are performed at 15 GHz. 


5 .2 Instrumentation 

The model deployable antenna and standard antenna are mounted back-to-back 
15 feet above ground on a pedestal which may be remotely adjusted in azimuth and elevation. 

For a given test frequency, the three types of measurements, gain comparison, focus- 
ing, and patterns can be performed with a single set of test equipment. The list of equipment 
to be used is shown below: 


Function 

15.0 GHz 

Signal Generator 

HP-628A 

Source Feed 

Radiation 

Transmit Reflector 

Andrews 6 foot 

Mixer 

SA-13A-12 

Receiver 

SA-1600 

Pattern Recorder 

SA-1540 

Precision Attenuator 

HP-P382A 

Frequency Meter 

PRD 536 

Reference Antenna 

(Advanced) Structures/12 feet 
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5.3 


Gain Comparison Test 


The objective of this test is: 1) to determine the rms surface error of the model 
deployable parabola, and 2) to compare the gain of the entire deployable antenna assembly with 
the predicted gain of the reference antenna. Both measurements are based upon the measured 
gain difference between the deployable antenna assembly and a reference antenna assembly. 

The reference antenna has an accurate surface (0.007 inch rms) so that the loss due to surface 
phase error is small and accurately known. The reference antenna feed is supported in such a 
way that its primary blockage is zero and its secondary blockage is minimal . This feed support 
configuration allows the reference antenna gain to be accurately calculated so that it serves as 
a gain standard for gain measurements on the deployable antenna assembly. The deployable 
antenna is tested with the complete feed cone, midrib restraint assembly, and feed support in 
position, hence, fully representing an operational state. 


5-3.1 Surface Accuracy Measurement by Relative RF Gain 

The secondary gain of a paraboloidal antenna is degraded by surface error in the 
shape of the reflector . When the errors have a Gaussian distribution and a correlation interval 
which is large with respect to a wavelength, the loss due to surface error is: 



Solving for 6: 


0.23^ HO log n )' /2 


The surface phase error JJ, is isolated and measured to compute G . This error is 
determined by measuring the difference in gain between the deployable antenna and the refer- 
ence antenna. This difference in gain is modified by measured or predicted values for all other 
differences between the two antennas other than surface error. This gives an rms surface error 
(in inches) of: 

€ = 0.0144 [Mg| + (10 log 77, )] 1/2 

L k= 1 kJ 


when f = 15 GHz 
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The factors *7^ are given below. 


k 

Factor 

10 log 77k 

1. 

Diameter Difference 

+0.35 dB 

2. 

Ogive Blockage 

-0.45 

3. 

Midrib Restraint Assembly 

-0.60 dB 

4. 

Scalloped Area Loss 

-0.45 

5. 

Mesh Loss 

-0 .30 dB 

6. 

Reference Reflector Feed 
Support Blockage 

+0.05 

7. 

Deployable Reflector Center 
Blockage 

-0.55 dB 

8. 

Reference Reflector rms 

+0.05 dB 


ZlO log TJ k 

-1.9 dB 


The derivationof the above terms is given in detail below, 

1 . Diameter Difference 


10 log 


(12 .5 feet) 
(12 .0 feet 


= +0.35 dB. 


2 . Ogive Blockage 

= -0.45 dB by substitution measurements in the standard reflector. 

3 . Midrib Restraint Assembly Blockage 

= -0.6 dB by substitution measurements in the standard reflector. 

4. Scalloped Area Loss 

= 10 log (1 - 0.10) = -0.45 by computation from measured geometry of 
mesh intercostal . 
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5 . Mesh Loss 


= -0.3 from measured flat panel tests. 

6. Reference Reflector Feed Support Blockage 

= +0.05 dB from calculation similar to 7.0 below. 

7. Center Blockage of Deployable 


8 . 


loss = 10 log 


1 (A center) 

[ 0) 1 

2 ' 

(A reflector) 

<V 1 



loss = -0.55 dB 
Reference Reflector rms 
€ = 0.007 in . rms 


- f 

the rms loss = 10 log e u 


4tt€~ 1 ' 

A. _ 


= +0.05 dB 


5.3.2 Determination of Relative Gain 


The gain of the deployable antenna assembly with representative feed in place is 
determined by comparison with the reference reflector. The gain of the reference antenna may te 
predicted accurately because the normal losses due to surface error and primary blockage are 
small in this case . This makes it a good standard for measurement of absolute gain . Because it 
is about the same size as the deployable antenna, ground reflections have a negligible effect 
on a gain comparison measurement between the two antennas . 


reflector . 


The following table lists the factors used to compute the gain of the reference 


Factor 


-10 log 7 ] 


\ \\ 

1.5 

V 

0.05 
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Factor 


-10 log?? 


G 


"0 


0.1 

% 


0.0 

"xs 


0.1 

rj 

T 

10 log 7? j 

( 4 7T A \ 2 

rw/j 

1.75 


The gain of the deployable by this method is the measured value of AG from 
Paragraph 5.3.5, subtracted from this reference reflector gain. 


G 


deployable 


= G 


standard 


-AC 


= 53.4 - 2.5 dB 


G , . l i = 50,9 dB 
deployable 

t 

This is the gain by comparison to the computed gain of the reference reflector in 
1 G gravity. The on orbit gain is greater because the surface accuracy is a more accurate 
paraboloid on orbit where the distortions of gravity are not a factor. 


5.3.3 Measurement Technique 

The antenna feed for both the deployable antenna assembly and the reference 
antenna is a flared horn designed for equal 10 dB edge tapered illumination over the entire 
circumference of the reflector. Figures 5. 3. 3-1 and 5.3. 3-2 are E- and H- plane cuts through 
this pattern. This feed is representative of the feed which would be used in a flight application. 
The same feed, reflection isolator, and mixer, and mixer-receiver cable are used in both 
reflector assemblies, so that no variations in these components affect the accuracy of the gain 
comparison. The reflection isolator absorbs power reflected from the mixer so that it is not 
reradiated by the feed horn. This eliminates the possibility that feed VSWR due to vertex 
reflections might interact with the VSWR of the mixer. 

Each of the two reflectors has its own three-dimensional focusing adjustment 
mechanism with a mounting interface for the feed horn-isolator-mixer assembly. The feed is 
focused in each reflector axially for minimum null depths and radially for equal side lobes. The 
| feed may then be substituted from one reflector to the other in minimum time. This substitution 
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is done five Hines; each Hme the peak of the antenna beam is pointed at the boresight source. 

A rotary vane precision attenuator is used as a standard against which to measure the difference 
in received power levels. The range geometry is shown in Figure 5, 3. 3-3. 

5.3.4 Test Procedures 

The following procedure will be used to measure delta gain, AG. 

1 . With the measure configuration shown in Figure 5.3.2, set approximately 

3 dB of attenuation in the precision attenuator. Orient the boresight antenna 
to the vertical polarization position. 

2. Set the generator at 15.0 GHz. 

3. Focus both antennas for maximum gain. 

4. With the waveguide horn feed in the deployable reflector, orient the antenna 
so that the peak of the main beam is aligned on boresight. 

5. Establish a reference level of the antenna output signal on the pattern 
recorder. 

6. Remove the waveguide horn feed and install the feed in the standard reflector. 

7. Orient the antenna so that the peak of the main beam is aligned on boresight. 

8. Establish a reference level of the antenna output signal on the pattern 
recorder. 

9. Adjust the precision attenuator until the two reference levels are coincident, 

10. The amount of attenuation change in the precision attenuator is 4G. 

11 . Repeat this procedure until three measurements of AG are recorded. 

5.3.5 Test Record 

Frequency (GHz) 15.0 

+ 1° log J? k -1.90 

k = i 

AG } 2.41 
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STANDARD REFLECTOR 


DEPLOYABLE ANTENNA 


REFLECTOR 



84324-1 A 


Figure 5. 3, 3-3. Measurement Configuration 
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Frequency (GHz) 

15.0 


Ag 2 

2.58 


4G 3 

2.45 


AG4 

2.53 


ag 5 

2.50 


ag 

average 

, 2.49 


-10 log tf^ 

0.60 dB 


€ 

0.01 1 inch rms 

5.3.6 Error Analysis 


The accuracy of fhe terms XI 0 log T )[ c a 
measured value of €. The most probable value of 7^ s 
individual termsT7k and 4G is as follows: 

nd 4G above determine the accuracy of the 
based on estimates of the accuracy of the 

K_ 

Factor 

Accuracy 

1 . 

Diameter Difference 

±0.0 dB 

2. 

Ogive Blockage 

±0.15 

3. 

Midrib Restraint Assembly 

±0.20 

4. 

Scalloped Area Loss 

±0.0 

5. 

Mesh Loss 

±0.10 

6. 

Reference Reflector Feed 
Support Blockage 

±0.05 

7. 

Deployable Reflector Center 
Blockage 

±0.15 

8. 

Reference Reflector rms 

±0.0 


Measured value oi AG 

±0.15 dB 
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The square root of the sum of the squares of the above values Is 0.35 dB. The most 
probable value of surface phase loss then lies in the range of 0.60 ±0.35 dB 

This corresponds to rms surface accuracies from 0.007 to 0.014 inches based on the 
use of Ruze's equation for the calculation. It should be noted, however, that it is widely 
recognized that this equation is typically pessimistic for calculation loss from rms surface accuracy 
Comparisons between calculations made using ray tracing pattern computing programs and the 
use of Ruze's equation often show loss factors of two to three times less with the ray tracing 
technique. Therefore, if compensations are made in proportion to these factors, then the 
calculated rms surface error based on RF measurements is more consistent with the 0.025 inch 
rms measured in the program. 

5.4 Focusing Accuracy Test 

5.4.1 Test Method 

This measurement determines how much gain loss the model deployable antenna 
suffers due to uncertainty about the location of its focal point. The technique is to locate the 
feed at the predicted focal point of the deployable antenna and make a gain measurement, using 
the standard parabola as a reference. Then the feed is focused electrically for deepest nulls and 
best side-lobe balance. A second gain measurement is made at this point. The gain increase is 
a measure of the inaccuracy in phase center location and its effect on the antenna's performance. 
A block diagram of the test configuration is shown in Figure 5.4.1 -1 . The procedure used to 
locate the predicted best fit focal point of the parabola is shown in Figure 5.4. 1-2. The loca- 
tion of the best electrical focus as determined by running patterns and focusing for best nulls 
and the location of the best fit paraboloid focal point as computed for best rms surface error are 
shown in Figure A -7 in the Appendix. 


5.4.2 Test Procedure 

The following test procedure is used to evaluate the feasibility of positioning the 
feed at the analytically determined focal point of the deployable antenna. 

1 . Set up the test equipment as shown in Figure 5.4.1 -1 . 

2. Set approximately 3 dB of attenuation in the precision attenuator. 
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Figure 5.4. 1-1. Block Diagram of Anfenna Focusing Measuremenfs 



PROCEDURE FOR LOCATING PREDICTED BEST 
FIT FOCAL POINT 
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gure 5.4. 1-2. Procedure for Locating Predicted Best Fit Focal Point 
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3. Set the signal generator to 15.0 GHz. 

4. Orient the boresight antenna to the vertical polarization position. 

5. Focus the standard reflector by balancing the side-lobe levels and the null 
depths. Use the standard feed. 

6. Focus the deployable antenna model by balancing the side-lobe levels and 
the null depths. Use the feed with the known phase center. 

7. Point the standard reflector on boresight and set a reference level of the 
received signal power on the recorder. 

8. Point the deployable reflector on boresight and set a reference level of the 
received signal power on the recorder. 

9. Adjust the precision attenuator until the two reference levels are coincident. 
The amount of attenuation change is AG^ . 

10. Reposition the feed in the deployable reflector until its phase center is 
coincident with the analytically determined focal point. 

11 . Position the deployable reflector such that the received signal power Is 
maximized. 

12. With the antenna in this position, set a reference level of the received 
signal power on the recorder. 

13. Point the standard reflector on boresight and set a reference level of the 
received signal power on the recorder. 

14. Adjust the precision attenuator until the two reference levels are coincident. 
The amount of attenuation change is 

15. Subtract Gj from G2 to determine the amount of gain difference due to 
setting the feed at the analytically determined focal point. 


5.4.3 


Test Record 


O — G 

mechanical focus standard 
^electrical focus ^standard 


Number 1 

7.5 dB 

2.5 


Number 2 

7.3 dB 

2.5 


Number 3 

7.5 dB 
2.3 
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Number 1 


Number 2 


Number 3 


5.0 4.8 5.2 


5.0 dB 


5.5 Pattern Measurement 


5.5.1 Test Method 

To expedite this test, the antenna patterns are recorded during the antenna focus- 
ing measurement procedure. The test equipment and test facility required for the focusing 
measurements are also required to record antenna patterns. 

The procedures described in Paragraph 5.4.2 of the antenna focusing measurement 
procedure are followed to the point where the test feed has been focused electrically in the 
deployable antenna model. 

The focused antenna is then pointed on boresight. With the antenna pattern 
recorder synchronized to the rotation of the turntable, the turntable is rotated approximately 
±10° in azimuth around boresight with the pen of the recorder in the down position. 


electrical focus mechanical 
focus 

Average G , . . . . -G 


electrical focus mechanical focus 


5.5.2 Test Procedures 

Follow the procedure described in Paragraph 5.4.2 to the point where the test feed 
has been focused electrically in the deployable antenna model, then proceed with the following 
steps: 

1 . Orient the antenna at -90° in azimuth. 

2. Place the pen of the antenna pattern recorder in the down position. 

3. Rotate the antenna in azimuth to +90°. 

4. The curve plotted by the antenna pattern recorder as the antenna is rotated 
from -10° to +10° is the antenna pattern. 

5. Perform this measurement at 15.0 GHz where the focusing accuracy test is 
performed. 
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5.5.3 


Test Record 


Attach all patterns taken on the deployable antenna and on the standard antenna. 
(See Appendix Figures A14, A15, A17.) 

5.6 Absolute Gain < 

5.6.1 Test Objective 

The obfect of this test is to measure the gain of the deployable antenna at 15 GHz. 


Test Equipment 

IXEl 

Serial No. 

Calibration Date 

Signal Generator 

HP-628A 

105785 

2-14-74 

Transmitting Antenna 

6-foot reflector 
illuminating a 5-foot 
by 7-foot flat passive 
reflector 


NCR 

Standard Attenuator 

HP-P382A 

102932 

8-8-74 

Mixer 

SA-13A-12 

218632 

NCR 

Standard Gain Horn 

NRL-1 8 MM Band 



Receiver 

SA-1600 

106350 

4-2-74 

Pattern Recorder 

SA-1520 

105987 

4-2-74 

5.6.2 Error Analysis 





The gain of the deployable antenna will be determined by a comparison with an 
NRL design gain standard horn. There are three basic sources of uncertainty in this measure- 
ment: 1) the uncertainty in on-axis gain of the gain standard horn, 2) the measurement 
uncertainty in the comparison of the deployable antenna with the gain standard, and 3) power 
which reaches the gain standard horn from reflections which are not focused by the larger 
deployable reflector. The first uncertainty is ±0.3 dB peak as described in the NRL report. 

The second is one percent of the amplitude difference between the standard and the test antenna, 
or 0.25 dB. The third source of error, power which enters the standard gain horn by way of 
ground reflections (see Figure 5. 6. 2-1). The value for A in this model is a function of the 
transmitter pattern, the receiver pattern, and the reflectivity of the ground. The value for 0 
is a function of the length difference between the direct and reflected ray path. The change 
in this path length difference between the top and bottom of the reflector is 11.8 inches. This 
range geometry is shown in Figure 5. 6. 2-2. 
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Figure 5. 6. 2-1, Model for Evaluating Ground Reflection Effects 
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Range Geometry 
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The ratio 


E reflected 
E direct 


= A in the above model. 


The peaks of the interference pattern measured as the horn is moved across the 
field represent successive values of E maximum, and the nulls represent E minimum. At each 
transition between peak and null the two above equations are solved for E direct and E reflected, 
so a total of 72 values of E direct are obtained. These are converted back to relative power 
levels and averaged to obtain the reference power level for the gain measurement. 

It is possible to check this value by pointing the large reflector directly at the 
reflected ray. Measurements of the relative strength of the reflected roy, A in the model, by 
these two methods, are in close agreement. Deviations in the smoothed signal level of the 
standard gain horn limit the accuracy to ±0.25 dB error. Together with the two other errors, 
the peak error of the gain measurement is ±0.8 dB. 

5.6.3 Test Procedure 

1 . Set up the test equipment. 

2. Set the generator at 15 GHz. 

3. Focus the antenna by balancing side-lobe levels and null depths. 

4. Point the antenna toward the boresight. 

5. Set the attenuator at 22 dB and record the level on the chart paper. Repeat 
for 23, 24, 25 and 26 dB settings of the attenuator. 

6. Connect the mixer to the standard gain horn. Record vertical field probe 
using the standard gain horn. 

7. Plot the magnitude of the reflected ray and direct ray as computed using the 
technique described above. 

8. Average the direct ray data points and compare this average with the cali- 
bration marks made using the precision attenuator. 

9. Record the data on the data sheets. 
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5.6.4 Absolute Gain Measurement Data Sheet 


See Figure 5.6.4. 

Frequency 15 GHz 

Gain of Gain Standard 24,4 dB 

Average Direct Ray Gain 
Standard Reading 26.5 dB 

Attenuator Loss at Zero 
Setting 0.6 dB 

Gain of Test Antenna 51 .5 dB 

Efficiency of Test Antenna 41%* 

NOTE 


This efficiency is referenced to a circular 
aperture with the rib-tip diameter. The 
efficiency with respect to the mean 
diameter including scallop area loss is 
46 percent . 

The model based on simple geometrical optics assumes that only a single reflected 
ray enters the standard gain horn from the point of specular reflection. Because the relative 
phase 0 between the direct and reflected rays varies directly as the height up and down the 
aperture of the large reflector, the standard gain horn sees an interference pattern as it is raised 
and lowered in front of the large reflector. This interference pattern results from the vector 
addition of the two signals in the standard gain horn. 

The locus of received voltage level at the standard horn is shown below: 



E REFLECTED 


87882-9 
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Figure 5.6.4 






The desired reference voltage for gain measurements is E direct, but theonfy directly observable 
are E maximum and E minimum. By solving the two simultaneous equations, 

E maximum + E minimum 
E direct = x 


E reflected 


E maximum - E minimum 

2 


\ 
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5.7 


S-Band Pattern and Relative Gain Measurements 


Pattern measurements on the deployable antenna and gain comparison between the 
deployable antenna and the reference antenna are made. The feed horn used is a flared horn 
with equal E- and H-plane beam widths and 10-11 dB illumination taper from the center to the 
edge of the reflector. The measurements were conducted at 2.1 GHz. The pattern measure- 
ments follow a procedure similar to that described in detail in Paragraph 5.5. The relative 
gain measurements follow a procedure similar to that described in Paragraph 5.3. 

The elevation (E-plane) pattern From the deployable reflector is shown in Figure 

5.7- 1 . The pattern below -6° is affected by ground reflected energy. 

The azimuth (H-plane) pattern of the deployable reflector is shown in Figure 

5.7- 2. The pattern beyond ±12° is affected by range reflections. 

The azimuth and elevations of the reference reflector are shown in Figure 5.7-3. 

The gain comparison measurements between the deployable antenna and the refer- 
ence reflector are shown in Figure 5.7-4. 

6.0 PHYSICAL PROPERTIES MEASUREMENT 

In this test, several physical properties of the antenna are measured. 

6. 1 Test Objectives 

The objective of this test is to measure the weight and packaging envelope size 
of the deployable antenna. 

6.2 Test Procedure 

The antenna is first placed on a platform scale and its weight is recorded. For 
this measurement the antenna is completely assembled, including the restraint cable. 

The size of the packaging envelope is determined by measuring the overall height 
and the overall diameter of the antenna in the stowed configuration. 

6.3 Test Record 

The data specified above are recorded on the data sheets at the time of the test. 
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FOCAL POINT LOCATION DATA 


Location of best electrical focus with respect to design, focal 

point determined by focusing for best nulls and sidelobe looking 
balance downrange . 

0.49 up 

0.14 to right 

0.56 in (toward reflector) 

Location of focal point predicted by PARABOLOID with respect to 
design focal point. 

0.568 down 
0.186 to right 

0.230 out (away from reflector) 

Location of design focal point with respect to h mounting plate 
riveted to ogive front surface. 
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Figure A7 
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APPENDIX C 


THE PARABOLOID PROGRAM 



APPENDIX C 


THE PARABOLOID PROGRAM 


The Paraboloid Program was developed to provide a computer technique For the 
calculation of rms surface accuracy and axis location of parabolic antenna reflectors under arbi- 
trary loadings. A general discussion of the program method is given below. 

The input to the program consists basically of the spatial coordinates of points 
representing the theoretical reflector surface and a set of distortions of these points due to some 
form of loading. These distortions are obtained directly from STRUDL or SPACE or by measurement, 
and are used to calculate the spatial location of the deflected or distorted paraboloid. The pro- 
gram then applies statistical techniques to determine a mathematically "best-fit" paraboloid of 
revolution through the distorted points. This paraboloid is next evaluated to determine the angular 
location of the axis of revolution, the new location of the paraboloid vertex, and the change in 
focal length between the theoretical and best-fit paraboloid. Angular values of encoder rotation 
and feed deflection are inputted to the program and are combined with the above data to yield 
net values of absolute and encoder corrected azimuth and elevation pointing errors. 

Finally, the axial rms deflection of the deflected points is computed with respect 
to both the best-fit and undistorted parabolic surfaces with and without the area and illumination 
weighting techniques described below. 

The scheme for both area and illumination weighting is to adjust the deviations from 
the best-fit paraboloid such that the relative difference in area and illumination associated with 
each joint is taken into account. 

Two illumination weighting functions are available in the program. A uniform 
aperture distribution such as is typical with DIELGUIDE feeds, or the following function: 

[.3 + .7<,-(|-)V] 2 

o 

where R© is the radius of the reflector, R is the radius to the point and the exponent P charac- 
terizes the illumination provided by the particular Feed being used. 

The projected area associated with each joint is computed and normalized with 
respect to the total projected area of the reflector for the area weighting factors. 

The coordinates of the data points and deflections can be inputted to the program 
in several ways. The coordinates of the theoretical paraboloid can be imputted along with deflec- 
tions in either the x, y and z coordinate directions or in the y (axial) direction only. Also the 
coordinates of the actual distorted points can be inputted to the program. 
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